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Vol. XLII.

1. On the Peemaxillakies and Scalpeifoem Teeth of a large

extinct Wombat (Phascolohys ctjevieosteis, Ow.). By Sir

EiCHAED Owen, K.C.B., P.E.S., F.G.S., &c. (Eead November 4,

1885.)
[Plate I.]

Of the fossils discovered in the late exploration of the Wellington

bone-caves, casts of a selection have been transmitted to me for

determination by the authorities of the Australian Museum, Sydney,

New South "Wales.

I submit a description, with figures, of a specimen showing
so much of the premaxillary bones (PI. I. figs. 1-3) as includes

the pair of scalpriform incisors (z, ^'). The length of the tooth,

following the outer curve, is 160 millim. (6|- inches) ; the trans-

verse breadth is 12 millim.; the antero-posterior diameter is

10 millim. ; the length of the worn or working surface is

26 millim. The major part, if not the whole, of the pulp-cavity,

exposed at the back part of the fossil (fig. 3), shows the sharp

border of the pulp-cavity, ^', and the chamber which lodged the

persistent organ of growth.

The fore part of the tooth is convex across, the back part

feebly so. The implanted portions of the incisors incline towards

each other as they approach the hinder open end ; the breadth of the

pail', there, is 26 millim.

The prominence of the outer walls of the socket gradually increases

as it approaches the tooth's base, dividing the premaxillary surface

into an upper and lower subvertical tract (fig. 1). The under part

of the alveolar wall (fig. 2, 22) loses breadth as it recedes from its

Q. J. G. S. No. 165. B



2 SIE E. OWEN ON THE TEETH OF A LAEGE EXTINCT WOMBAT.

fellow, graduallj'- narrowing as it leaves the tooth's socket, to form a

ridge, r, r, which expands abruptly at the beginning of the alveolar

tract (m) for the molar teeth, which tract is broken away with the

missing part of the skull. The intervening edentulous tract

bounds, with its fellow, a deep subangular anterior palatine depres-

sion (fig. 2, d, d). The breadth of the unworn incisor equals that of

the socket of the same tooth in the extinct PTiascolomys medius^.

The contour of the premaxillary palatal ridge extending to the

molar tract is deeply arched, viewed sideways (fig. 1 r), and is not

continued there in an almost straight line, as in Phascolomys

mediusf: the depression at the hinder half of the diastema is also

much deeper in the present fossil ; the least breadth of this part of

the palate is 1 inch.

The premaxillaries rise at their mid upper suture to about an
inch from the prominent alveolar tracts of those bones, and unite to

form a ridge, augmenting in height as it extends back ; the frac-

tured border probably united with the nasal bones, which are

wanting in the fossil.

The accompanying figures, of the natural size, of this portion of

the skull may enable us to dispense with further description.

Of the animals characterized by the pair of scalpriform incisors

the grounds for referring the present large extinct kind to thQ

Marsupial rather than the Rodent order have weighed with me

;

and until further evidence, especially ihat supplied by a molar

tooth, or teeth, negativing the present conclusion, be received, I

place it in the Wombat family.

The specimen indicates, therein, a somewhat larger animal than

the Phascolomys medius, Ow., but one less than the type of the

subgenus PJiascolonus J. The chief difference from phascolomydian

species, both recent and extinct, of less magnitude, has suggested

the nomen specificum.

EXPLANATION OF PLATE I.

Portions of the premaxillary bones, including the incisors : nat. size.

Fig. 1. Left side view.

2. Under or palatal surface.

3. Back view, showing pulp -cavities, i\ of incisors.

Discussion.

Dr. H. WooBWAED regretted that he had been unable to bring the

cast, but would produce it at the next Meeting. The original

specimen is in the Sydney Museum. Without molar teeth it is

difficult to compare the specimen with other species. There was
some resemblance to Biprotodon, but it was difficult to go into this

in the absence of the cast.

* Fossil Mammals of Australia, 4to, pi. 1. fig. 6.

t Op. cit. pis. Ivii., Iviii. fig. 3.

J Op. cit. vol. i. p. 339, pis. Ivii.-lix.
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ON SOME BONE-CAYES IN NORTH WALES.

2. Results of recent Pieseaeches in some Eone-caves in North
Wales (Eetnnon Beuno and Cae Gwyn). By Heney Hicks,

M.D., F.E.S., F.G.S. ; -with a ISTote on the Animal Remains, by

W. Dayies, Esq., E.G.S. (Eead NoYember 18, 1885.)

Introduction.

A SHORT account of these caYerns and of some trial examinations

made in them by Mr. E. EouYerie Lnxmoore, of St. Asaph, and
myself, was giYen by me in a paper read before the Geologists'

Association on ISToYember 7th, 1884*. j^o attempt at a systematic

exploration, how^ever, was made until the early part of the past

summer, when a staff of workmen was employed under the personal

superYision of Mr. Luxmoore and myself to excaYate the two caYerns

simultaneously, the funds for the purpose being placed at our dis-

posal by the Royal Society on the recommendation of the GoYern-
ment Grant Committee. The owners of the land, P. P. Pennant,

Esq,, and Edwin Morgan, Esq., readily gaYe us permission to carry

on the explorations, and frequently during the prosecution of the

work we were indebted to them also for many courteous acts and
for Yery Yaluable assistance.

The caYerns are situated in a Carboniferous Limestone escarpment

forming the north side of a raYine near Tremeirchion, on the east

side of the Yale of Clwyd (fig, 1). The heights of the caYerns

aboYe sea-leYcl are about 380 and 400 feet, and they are about 42
and 62 feet aboYe the stream in the raYine. Both haYe their

entrances looking towards the south. A reddish Boulder-clay

coYers the bottom of the raYine and also the slope on the opposite

side to a considerable height, and another escarpment of Carboni-

ferous rocks becomes exposed at the higher IcycIs on that side.

The stream is gradually deepening its course by cutting through

the Boulder-clay, but it has not as yet reached the original floor

of the valley. At different points along the Yalley the Boulder-

clay with its associated sands and gravels is left in miniature

terraces at various heights, some being above the horizon of the

caverns. An important section showing bands of sand and
gravel with scratched boulders is to be seen about four hundred
feet east of the caverns on the same side of the valley, at the point

indicated in the sketch (fig. 1, D). This gravel-pit is slightly

above the level of Cae Gwyn Cave. Fragments of shells were found

in the sands and gravels here, but they were too imperfect for de-

termination. The boulders and rolled pebbles in this pit are frag-

ments of various rocks, the majority perhaps being of local origin

;

but there are many among them which must have been derived

from very distant sources. The rocks of the hills above, Denbigh-

shire flags and grits, have supplied a large proportion, as also the

* " On some recent Eesearches in Bone-caves in Wales," Proc. Geologists'

Association, vol. ix. Iso. 1.
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BONE-CAYES 12^ NORTH WALES. O

immediately surrounding limestone rocks ; but there are also fel-

stones and other igneous rocks from other Welsh areas, and granitic

and gneissic rocks from northern sources. "\Yhether the deposits in

this exposure belong to the so-called Middle Glacial sands and
gravels, or whether they are of the age of the intercalations fre-

quently found in the Upper Boulder-clay of the district, I am not

prepared to say. Sands and gravels occur in this area, as is well

known from the researches of Mr. D. Mackintosh, and others, at

much greater elevations. I noticed a considerable deposit in the

gorge east of the Oratory in the grounds of St. Beuno's College, at

a height of over 500 feet ; and Mr. Mackintosh has described such

deposits at heights of over 1200 feet on the mountains to the south-

east *.

The ravine in which the caverns are situated was doubtless ex-

cavated either before or during glacial times, and was filled up with
glacial deposits which have since been gradually removed by sub-

aerial denudation. Evidence of this fact is furnished by the portions

still remaining at various horizons in cliff hollows and at other

points, and the sediments in the caverns tend also, in my opinion,

to point to the same conclusion.

Feyi^noit Befno Caveen.

This cavern (fig. 2) is so named from its proximity to the well-

known St. Beuno's Well, which is situated in the ravine. A trial

examination was made just within the entrance by Mr. Luxmoore and

Fig. 2.

—

Ground-plan of Ffynnon Beuno Cave.

I (Scale, 35 feet to 1 inch.)

A. Entrance. B. Opening into west tunnel.

C. Chamber extending from main tunnel, D, to fissure cavern, E.
F. A rapidly descending mining-shaft,

-f . Points where flint implements were found in undisturbed earth.

Quart. Journ. Geol. Soc. vol. xxxvii. p. 360.
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myself in the summer of 1883, when a few fragments of bones belong-

ing to the Mammoth and Ehinoceros were found in some cave-earth

underlying a stalagmitic breccia. Before this no attempt at exploring

the cavern had been made. Much material, however, had probably

at different times been removed from the outer portions of this cavern

during some mining-operations, and also in order to make it suitable

as a sheltering-place for cattle. A considerable heap of rubbish,

thrown out at these times on the hill side, still remains, but as yet

has not been examined. In our explorations this year we worked
inwards from the entrance, removing first the surface soil and after-

wards the rather loose stalagmitic breccia and the bone-earth. The
underlying material, which will be again referred to, was left in

the cavern after testing it at different parts. The section (fig. 3)

Pig. 3.

—

Section 2 in Ffynnon Beuno Cave.

(Scale, 5 feet to 1 inch.)

1

2

ft. in.

1. Surface-soil, &c 1

2. Stalagmitic breccia, with charcoal, &c » 6
3. Eeddish cave-earth, with bones {Pleistocene) and flint

implements, not disturbed 2
4. Gravel, consisting mainly of local materials, with an-

gular blocks of limestone below 2

represents the conditions found at a distance of about 20 feet from
the entrance, and fairly explains the order and thickness of the

materials between this and the entrance. There was an open space

averaging from 5 to 7 feet up to this point. The surface loam (1),

about one foot in thickness, contained a 'few bones of sheep, the

domestic fowl, &c., but no implements or other evidences of early

human occupation. The whole was probably accumulated in very

recent times. Immediately under this, we found on the west side

of the cavern at distances of from 20 to 24 feet from the entran ce,

a considerable amount of charcoal, but no implements or other

evidences with it to give an idea of its age. It may be Neo-
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lithic, but as this portion has been open during modern times, it

may even possibly be of much later date. Under about 6 inches of

a breccia (2) made up of angular fragments of limestone, the reddish

cave-earth (3) containing the remains was found in an apparently

undisturbed condition. It had an average depth here of about 2 feet.

Bones occurred in it in considerable abundance, chiefly lying hori-

zontally or but slightly inclined. Under the reddish cave-earth was
found a yellowish band, not stalagmitic, but yet more coherent than

the cave-earth, and seeming, from its appearance, to indicate that

it had been the floor of the den. Under this was a gravelly material

(4) made up mainly of fragments derived from the hills above, and
containing no bones. In the lower part of this deposit some large

angular fragments of limestone occurred, and these also seemed to

fill up a narrow fissure-like space below the deposit. Between this

point and the chamber C (fig. 2) there was a greater accumulation of

surface-soil, but the other deposits occurred much as in fig. 3 (sect. 2).

Near D a flint implement was discovered under the stalagmitic

breccia, in close proximity to a large portion of the jaw with teeth

of a E,hinoceros, which unfortunately fell to pieces in being removed.

Some large fragments of limb-bones of Mammoth were also found at

this point, but they were so friable that they could not be removed
entire. The chamber which forms a communication between the

tunnel-cavern D, and the fissure-cavern E (see figs. 2 and 4), seems as

Fig. 4.— Vertical Section (Sect. 1) across cliamher^ Sfc.^ Ffynnon Beuno
Cave. (Scale, 20 feet to 1 inch.)

^^-M..

o. Opening in roof above fissure-cavern. B. West tunnel.

if it had been, in parts, artificially made during mining-operations in

order to reach the shaft F. Its floor also is at a much higher level

than are the floors in other parts of the caverns. All the materials
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Fig. 5.

—

Section 4 in Ffynnon
Beuno Cave.

found in this chamber appear to have been disturbed and as if they had
been thrown into it from some other part of the cavern. On removing
the surface- soil which had fallen in through the opening (fig. 4)
and some large masses of limestone, many bones were found in the

underlying disturbed material, and also a few broken flint imple-

ments. In the line of the fissure there was a thickness, in some
places of over 6 feet, of this disturbed earth containing bones lying

above the undisturbed portion, the

division between the disturbed

and the undisturbed earth in one
place being still indicated by a

portion of an unbroken stalagmite

floor. Under this floor (see fig. 5,

sect. 4) the bones occurred in a

cave-earth like that in chamber D,
and here, in close proximity to a

Mammoth tooth, a well-worked
nearly perfect flint implement was
discovered (fig. 6). A commu-
nicating tunnel was found to con-

nect this part of the fissure cavern

with the main cavern; its direction

is indicated by the dotted line in

fig. 2. The roof of this tunnel

had for a considerable distance

been broken through, but the con-

tents seemed to have been left

undisturbed by man. The mate-
rials here were not exactly in the

condition of the deposits shown
in fig. 3, and they must have in

parts been reasserted by water-

action, as a considerable amount
of a sandy material and some
clay with boulders occurred dis-

tributed throughout. This tunnel, where it branched off from

the cavern, was completely filled up, and bones were very plenti-

ful in it, except in the lowest deposit, which was found to be

similar to that at the same level in the main cavern. Adjoining

the entrance to this tunnel another branch-tunnel was discovered

which was completely hidden under the surface-loam, &c. This

tunnel proved to be the most productive in remains, and it was

probably the most important of the tunnels examined. It is per-

fectly certain that it had never been disturbed by man since the

deposits were accumulated in it, and the evidence obtained seems to

point unmistakably to the conclusion that the bones, which occurred

plentifully in it from the base to the roof, must have been carried

into it from some other part of the cavern by water-action ; or that

a reassortment of the materials previously in the tunnel had taken

place by water-action, and at the same time that sands and gravels

1. Surface-soil, &c.

2.^Sandy loam, with blocks of

limestone, &c. containing

bones. Disturbed by man
3. Stalagmite.

4. Cave-earth, with bones and
flint implements, not dis-

turbed

6

3
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Fig. 6.

—

Flint Lance-liead from
Ffynnon Beuno Cave.

duced one third.)

Be-

like those to he seen at this horizon in the valley at x^resent, were
forced in through the mouth of

the cavern to be mixed up with

the cave-earth and bones. The
floor of this tunnel is several feet

higher ihan that of the main cavern

D, and the deposits in it, from
the floor to the roof, consisted more
or less of similar materials (see

fig. 7, sect. 3). In some places

they were almost entirely sands

or sandy gravels, but as the ex-

cavations extended towards the

opening B, they became more
clayey. Bones were found in great

abundance, manj^ of large size

being in contact with the roof, and
others forced into small fissures.

This tunnel with the communi-
cating channel to B is over 50
feet m length, but only some 30
feet of it contained Pleistocene

remains. Between that part and
the opening B, the tunnel dimi-

nishes much in size, being little

more than an irregular fissure-like

communication. A reddish loam
nearly filled this, and some bones of

recent animals occurred in it near

the opening B. The true tunnel

may be said to terminate at the

pointwhere the Pleistocene remains

disappeared, and the opening from
there onwards is at a higher level.

A. Upper view,

B. Side view.

The bones in this cavern had

Fig. 7.

—

Section 3, of West Tunnel, Ffynnon Beuno Cave.

Filled witli sand and clay with pebbles, containing bones (Pleistocene) in great

abundance throughout. Not disturbed by man.

been freely gnawed, being in the condition generally of those which
have been conveyed into dens by beasts of prey. Coprolites of

Hyaenas were also found, though not in great abundance. Most of
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the bones were submitted to Mr. W. Davies, F.G.S., of?the British

Museum, for examination, and he has kindly favoured me with the
appended note upon them (p. 17). Prof. Boyd Dawkins was also

good enough to examine and name a considerable number at Mr.
Luxmoore's house.

Some of the bones show in their fracture that it mustjhave been
the work of man, and we also discovered some showing distinct

Fig. 8.

—

Grouncl-jplan of Cae Gwyn Cave.

(Scale, 35 feet to 1 inch.)

A. Entrance. C. Chamber explored in 1884.
B. Chamber not completely ex- D. Probable position of original

plored. entrance.

-f- Position of flint scraper, fig. 9.

indications of having been worked. One of these has a sharply

defined hole in it as if intended to be suspended. The flint imple-

ments also prove that man must have occupied this area during the

time the Mammoth, "Woolly Bhinoceros, &c. roamed about the plains,

and when portions of their carcasses in a fresh condition were being

conveyed by beasts of prey into the cavern. The flint implements,

according to Dr. J. Evans, who has kindly examined them, are of

the type of the wrought flakes found in Kent's Cavern. A rather
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Pig. 9.

—

Flint Scraper from
Cae Gwyn Cave.

finely wrought lanceolate blade, he says, greatly resembles the one,

found in Kent's Cavern, which is figured at page 450 of his ' Ancient

Stone Implements,' 1872. Another seems also to be of a similar type.

Others appear to have been scrapers, but are not perfect. All show
indications of having been used, and they have now a white porcel-

lanous appearance. A large round pebble of diabase was also

found in this cavern, and there is every reason to suppose that it

must have been conveyed into it for use by man. At one point

there is a depression in it as if produced by a blow, and from this

there are several radiating fractures, the result of the same force,

but widened since by infiltrations,

Cae Gwyn Cave.

When I first crept into this cavern, in August 1884, the entrance

was almost closed up by a heap of debris. A portion of the cavern

had evidently been quarried away at some time, and I believe the

original entrance must have been at least 25 feet more forward in

the ravine. A brecciated, nearly vertical cliff-face remains, which
probably shows the direction of the

cavern, as also of a line of frac-

ture. Beyond the debris for some
distance into the cavern, there

was a space between the loam and
the roof of from 2| to 4 feet. We
thought it best to make a trial at a

small chamber (C, fig. 8) which we
reached at about 45 feet from the

actual entrance. Here we dis-

covered, under the loam and some
laminated clay, bones belonging to

Rhinoceros, Horse, Reindeer, and
Red Deer. We also found a small,

well-worked flint scraper (fig. 9),

stated by Dr. Evans to resemble

some found in the French caves of

the Reindeer period. This is not

so porcellanous in appearance as

those found in the Efynnon Beuno
Cave, and retains in part the na-

tural colour. No further attempts

to examine this cavern were then

made, and the owner, E. Morgan,
Esq., very kindly offered to close it up until we were able to begin

our explorations this year.

Before commencing the work, some time had to be expended in

clearing away the debris which blocked up the entrance, so as to give

a free passage for the wheelbarrows. The deposits between the

entrance and chamber C are fairly indicated in fig. 10 (sect. 1).

The loam (1) varied from 2 to 3 feet in thickness, and con-

tained bones only of recent animals. The underlying laminated

clay (2) was only a few inches thick in some places, where disturbed

»f
.;

B

Upper view.

Side view.
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Fig. 10.

—

Section 1 in Cae Gwyn Gave.

Explanation of figs. 10-15.

1

.

Eeddish loam disturbed by burrowing animals and containing a few bones of

recent animals.

2. Laminated clay containing, in places, thin ferruginous and stalagmitic

bands.

3. Sandy clay with pebbles, containing bones {Pleistocene) and, in one place, a

flint scraper (fig. 9), also large fragments of stalactites and of stalagmite.

4. Gravel consisting mainly of local materials.

by burrowing animals, but at other points it formed a compact
band of over a foot in thickness. Under this was found the sandy

clay with boulders (3), which contained here and throughout the

cavern the Pleistocene remains. A varying thickness of a gravelly

material (4) was found underlying the deposit 3, but this in some
places in this part of the cavern was almost entirely absent. In
the narrower parts of the cavern, between sect. 1 and chamber C,

there were many large masses of limestone, and these had to be

blasted before they could be removed. Yery large masses also

extended some distance into the chamber. These, I supposed last

year, might possibly have formed part of the floor, but on blasting

they were all found to be loose blocks with gravelly material under
them. The section in this chamber showed, 1, a fine red loam from

1 to 2 feet in thickness, burrowed by rabbits and containing a

few recent bones ; 2, a band of laminated clay from 6 to 8 inches

in thickness, containing ferruginous and stalagmitic layers ; 3, a

reddish clayey earth in some parts sandy, and with pebbles of

felsite, granite, gneiss, quartz, quartzites, sandstones, and of local

rocks. Angular fragments of stalagmite were also found in this

deposit. The animal remains in it belonged to Lion, Hyaena, Bear,

Eed Deer, Reindeer, Horse, and Ehinoceros. The largest number
of the remains obtained from this cavern were found in this chamber ;

but they did not occur here in horizontal layers, but in inclined and

evidently disturbed positions. It is perfectly clear that they had
not been disturbed by man but by water-action, and probably at

different times, as bones containing clean sand in their hollows had
been encased afterwards in a clayey deposit. The conditions so

clearly seen in this chamber prevailed throughout the whole of the

cavern, and the evidences of water-action were recognizable at all

points. The order in which the deposits occurred here was also

maintained in all parts examined, but occasionally it was some-
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what modified by accidental circumstances, as in the places where
there was much drip or where burrowing animals had greatly

disturbed the earth. Under the deposit containing the Pleistocene

remains was a gTaveUy material mainly made up of fragments from

local rocks and a few small quartz pebbles, but no animal remains

occurred in it. The flint scraper already referred to was discovered

in this chamber in our trial examination last year, and we had
hoped that a more thorough search and the removal of all the

deposits from it to the local drift at the bottom would have yielded

some additional implements, but uiifortunately nothing further to

show human occupation was discovered in this chamber, unless it is

indicated by the few doubtfully calcined bones and antlers found in

it. A narrow tunnel which turns sharply to the right from this

chamber was cleared out to a distance of about 16 feet, its further

exploration being postponed until next year. The deposits in this

tunnel were like those in other parts of the cavern, but they were
much more moist, on account of a rather free drip, and the divisions

in the deposits were consequently less marked. The bones, however,

occurred here at about the same horizon as in other parts, but they

were not at all plentiful. Fig. 11 (sect. 2) shows the thickness of

the deposits near the commencement of this tunnel.

Fig. 11.

—

Section 2 in side tunnel of Cae Gwyn Cave.

ft. in. FEEzrrrrj:) 1
1 ]z--rr-.-zzi

6
/

~^ ^

1 6 v:-.-_-__./4

For Explanation, see page 12.

The main tunnel was cleared out, with the exception of the deepest

deposit, to a distance of over 150 feet from the entrance, and figs.

12-15 show the thicknesses found at various points. Beyond the

Fig. 12.

—

Section 3 in Cae Givyn Cave.

For Explanation, see page 12.
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part indicated in fig. 12 the cavern was almost comx^letely filled up to

tlie roof. The laminated hand was must marked and perhaps thickest

in the wide part of the tunnel shown in fig. 12, and it diminished in

its compactness, though it was still well defined as the explorations

extended inwards. The hones occurred throughout at the same
general horizon, but in no part were they very plentiful. Very
large angular masses of stalagmite and broken stalactites occurred

at various points in the upper part of the deposits containing the

remains, sometimes lying horizontally but often tilted, like the bones,

at a high angle. The last chamber reached in this cavern (B, fig. 8)

has not been fully examined, and as its roof has partially fallen in, it

will have to be shored up before the explorations can be proceeded

with in that directiou. It is possible that a line of fissure has been
reached, but this is not clear yet. The cavern up to this point is a

true tunnel cavern, with well-smoothed roof and sides. It has, as

may be readily seen by referring to the plan (fig. 8), been formed

Figs. 13-15.

—

Sections 4-6 in Cae Gyiun Cave,

Sect. 4. Sect. 5. Sect. 6.

•«^W3

For Explanations, see page 12.

along lines of joints in the limestone, pointing mainly IST. and N.W.
There are but a few small stalactites and only a very little stalag-

mite now forming in this cavern, and, except in the tunnel to the

right of chamber C, there is comparatively little drip. Compared
with the great abundance found in the Tfynnon Beuno Cavern the

bones may be said to have been very scarce, but those found were
certainly, on the whole, in a much more perfect condition than in

the Ffynnon Beuno Cavern. Many of the long bones were quite

intact, though others were gnawed in the usual way. That it must
have been occupied, for a time at least, by Hyaenas is proved by
their coprolites being found in it.

Among the remains discovered in these two caverns there were
over 80 jaws belonging to various animals, and more than 1300
loose teeth, including about 400 Ehinoceros-, 15 Mammoth-, 180
Hyaena-, and 500 Horse-teeth. Other bones and fragments of bones

occurred also in very great abundance.

CoisTCLusioisrs.

These researches have, I think, furnished abundant evidence to

show that the caverns had been occupied by Hysenas and possibly
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by Other beasts of prey as dens, into which portions of carcasses

of various animals were conveyed in Pleistocene times. The

animals were those usually found in the bone-caverns of this age,

in this country, and so far no new species have been added to those

already known to be common to these caverns. The very great

abundance of some animals, such as the Rhinoceros, Horse, and

Reindeer, and the frequent presence of bones belonging to young

animals prove that the plain of the Vale of Clwyd, with that ex-

tending northward under the Irish Sea, must have formed a favourite

feeding-ground even at that time. The evidence furnished by the

flint implements and broken bones that man was contemporary with

these animals, is useful in confirmation of discoveries in other

caverns. The facts, perhaps, of greatest importance made out

during these researches are those which bear on some questions of

physical geology in regard to this area, which have hitherto been

shrouded more or less in doubt. The views on the physical condi-

tions in Pleistocene times of the areas in jN'orth Wales in which

these and the other bone-caverns occur, so ably put forward by Sir

A. Eamsay, are, in my opinion, strongly supported by the results

obtained in our explorations, and it appears to me very difficult to

account for the facts observed in any other way than by accepting

his general conclusions. The ravine in which the caverns occur

must have been, scooped out previous to the deposition in it of the

glacial sands and Boulder-clays. These sands and clays, there

seems good evidence to show, must have filled up the ravine to a

height above the entrances to the caverns, and such deposits are

now found in some parts to completely fill up the caverns. How,
then, did these sands and clays get into the caverns ? Were they

forced in through the entrances by marine action, or by a glacier

filling the valley ? Or were they conveyed in subsequently to the

deposition of the Boulder-clay in the valley and surrounding area ?

The position of the caverns, as shown in the sketch (fig. 1), in an
escarpment of limestone at the end of a ridge of these rocks,

with a sharp fall on either side, prohibits the idea that the material

could have been washed in from the higher ground, if the latter had
anything like its present configuration. Moreover there is scarcely

any deposit now visible upon the limestone ridge, and there is no cer-

tainty that any great thickness of such a clay as that now found in

the caverns ever was deposited there. Of course I do not maintain

that this was not the case, but there is no evidence at present

to prove that it was so. The general position of the bones and the

condition of the deposits in some of the tunnels seem to me to

indicate clearly that the force which broke up the stalagmite floor,

in some places from 10 to 12 inches in thickness, and stalactites from
6 to 8 inches across— thrust many of the large and heavy bones into

fissures high up in the cavern and placed them at all angles in the

deposits—must have acted from the entrance inwards ; and the only

forces which seem to meet these conditions are marine action, or

those accompanying the passage of a glacier down the ravine. ^Jy

own opinion, after considering all tlic evidence obtained, is rather

in favour of the former than of the latter cause. The followinsr
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seem to me, from a study of the deposits, to be some of the changes

indicated. The lowest deposits in the caverns, consisting almost

entirely of local materials, must have been introduced by a river

which flowed in the valley at a very much higher level than does

the little stream at present. As the valley was being excavated,

and the caverns were above the reach of floods, Hysenas and other

beasts of prey occupied them, and conveyed the remains of other

animals into them. Man also must have been present at some part

of this period. Gradually the land became depressed, and the

animals disappeared, stalagmite was formed in the caverns, and the

sea at last entered them, filling them up with sands and pebbles,

and burying also the remains not washed out. Pleating ice deposited

in this sea the fragments of rocks derived from northern sources,

and these became mixed with local rocks and clays brought down
from surrounding areas. The greater part of the Boulder-clay in

the Yale of Clwyd was probably deposited as the land was being

raised out of this Mid-Glacial sea. During the process of elevation

the caverns became again disturbed by marine action, and the uj^per

fine reddish loam and the laminated clays were deposited. The
following stages may in that manner be accounted for, and I know
of no other influences which ofi'er better means for their interpreta-

tion : A. The infilling of the caverns by local gravels. B. The
occupation of the caverns by beasts of prey and by man. C. The
formation of the stalagmite. D. The breaking up of the stalagmite

and the introduction of the marine sands and pebbles. E. The
deposition of the laminated clay, and of the reddish loam. It seems

to me impossible to avoid the conclusion that these caverns must
have been submerged and afterwards elevated to their present

height of about 400 feet above the level of the sea, since they were
occupied by Palaeolithic man and the Pleistocene animals.

KoTE (Dec. 19th).—In arriving at the foregoing conclusions I

endeavoured to weigh carefully all evidence tending in any way
towards showing the possibility that the materials in the caverns

might have been introduced by streams in Post-Glacial times. The
evidence, however, seemed to me so much stronger in favour of sub-

mergence that I felt compelled to assign the effects to that cause

rather than to influxes of water either from the valley or the land

above. It must be granted by all that at the close of the so-called

Glacial Epoch, or, it may be said, of the last great submergence, the

ravine must have been filled up by Boulder-clay to above the level of

the caverns, and that the caverns must have iDeen in existence

before the clay was deposited. What changes, therefore, would be

necessary to produce the effects observed if the occupation of the

caverns by the Hyaenas was subsequent to the deposition of the

Upper Boulder-clay ? .The upper cavern would have to be un-

covered at a much earlier period than the lower. An ex avation

of 22 feet would then have to be made before the lower one

would be exposed, in a valley over 500 feet wide at that point, by a

stream draining but a very limited area, the highest land drained

by it being only about 800 feet above sea-level. Each cavern would



BONE-CAVES IN NORTH WALES. 17

have to be cleared out to a definite level and then occupied for a

prolonged period by Hyaenas. It is clear that during the whole of

the period of occupation there were no great influxes of water, and
moreover, that there was a further period during which the stalag-

mite was formed. From some unexplained cause, after this long

time of rest and presumably after the valley had been much further

deepened by gradual excavation, the caverns were subject to great

influxes of water sufficiently violent to break up the thick stalag-

mite floor, to mix up and force the materials into the inner

recesses and to completely fill up all parts of the caverns, Tf this

water was merely the result of ordinary subaerial influences, it

seems impossible to conceive that the upper cavern could be invaded

by it at the same time as the lower ; and yet it had the efl'ect either

of preventing the caverns being occupied afterwards by the Hyaenas,

or it was sufficiently powerful to drive them away from the area.

Submergence would do this, but hardly so any tem[)orary local

causes.

Note on tlie Animal Eemains. By W. Davies, Esq., P.G.5?., of the
British Museum (Natural History).

The animal remains found in both caves comprise teeth and bones
of 11 genera and 16 species, as shown by the annexed list :

—

Lion (Fells leo, var. spelcsa). I Bovine (Bos ? Bison ?).

Wild Cat (F. catus ferus). Great Irish Deer (Cervus giganfeus).

Spotted Hyaena (H. crocuta, var. spe-
|

Eecl Deer ( Cervus elaplius).
'

Eoebuck ((7. ca^reoks).

Wolf {Canis lupus).

Fox
(
C. vulpes).

Bear
(
JJrstis, sp.).

Badger (Meles taxus).

Wild Boar (Sus scrofa)

Eemcleer(C tarandus).

Horse (Equus caballus).

Woolly Ehinoceros (B. tichorhinus).

Mammoth (Elephas primigenms).

Of the animals here enumerated, three are extinct, viz. the Irish

Deer, Woolly Ehinoceros, and the Mammoth. The Spelaean Lion
and Hj-aena were considered by Goldfuss and the older naturalists

to be also extinct species ; but later investigations show that their

remains are undistinguishable from bones and teeth of the existing

Lion * and the Spotted Hyaena t respectively. Other species now
extinct in Britain are the Wolf, Bear, Wild Boar, and Eeindeer, also

the Wild Ox or Bison.

With regard to numbers, the teeth and bones of the Horse, Rhi-
noceros, Hyaena, and Eeindeer are respectively the most numerous
in the order here presented. That the Hyaenas for a long period

had entire possession of the caves is i)roved by the paucity of the

remains of the Bear, another cave-haunting animal, thus showing that

there had been no joint or alternate occupation by these animals as

in some recorded instances.

* Sanford and Dawkins, " Pleistocene Mammalia," Men. Pal. Soc. 1806,

pp. 1^.
t Dawkins, Nat. Hist. Eev. 1865, p. 95.

Q.J.G.S. No. 165. c
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The state of preservation of the hones, apart from the imhedding
matrix, resembles that of similar remains from other caves in lime-

stone rocks, and inhabited by Hyaenas. Eew are entire ; many of

the limb-bones have their softer ends gnawed away, leaving the

hard and denser bone of the shafts still bearing the marks of teeth.

Others appear to have been fractured both longitudinally and trans-

versely by some force when the bone was fresh, as if for the extraction

of the marrow ; and, again, a few crushed specimens, by some pecu-

liar disintegration, show very distinctly the lamellar structure of

the bone.

The remains of the Carnivora, excluding the Hyaena, are compa-
ratively few. The Lion is represented by 12 canines, and the Wild
Cat by a few limb-bones ; the remains of the Bear, Wolf, and Fox
are not respectively numerous ; whilst those of the Hyaena are abun-

dant. They consist of bones and over 200 specimens of jaws and
detached teeth, a few being milk-teeth. The jaws are all more or less

imperfect, and several bear traces of having been gnawed by the

hungry survivors. The remains of the Wild Boar are few ; chiefly

teeth and a mandibular ramus of a young pig containing the milk-

molars. Of the Irish Deer no portions of the antlers were discovered,

but many detached teeth from the upper and lower jaws. Excluding

the antlers, the remains that could with certainty be referred to the

Eed Deer are few. Of the antlers there are several fragments,

some nearly as large as the antlers from Kent's Hole, described

by Sir Eichard Owen as Strongyloceros spelceus *, on account of

their large size. There is also an unshed antler {" Pricket ") of a

Stag of the second year. Of the Eoebuck, we can only record a

tibia and a few phalanges, all from the lower cave ; but, as in many
other caverns, the remains of the Eeindeer are very numerous,

chiefly portions of antlers, referable to individuals of all ages and
many varieties of form, also portions of jaws, detached teeth, and
bones. Both sexes of the Eeindeer bear antlers which, in some
measure, accounts for their greater relative proportion'to the skeletal

remains, as compared with those of the Eed Deer. But there can

be little doubt that the Hyaenas carried into their retreats many
that had been shed.

Most, if not all of our British caves contain remains of the Horse,

and ours do not form an exception, for teeth and bones are the

most abundant in each case ; and they also show that there were
great individual variations as to size in the herds that roamed in the

district. As regards their structure the teeth are undistinguishable

from those of the existing Horse.

The next in point of number are the teeth and bones of the

Woolly Ehinoceros, of which over 400 teeth were exhumed ; they

embrace many examples of the deciduous teeth, some so young that

the ridges are scarcely abraded, and others in which the crowns are

nearly worn away. This also applies to the teeth of the adults.

The teeth and bones agree in size with the remains of the same

species found in our brick-earths and gravels. The Mammoth is

* Owen, Brit. Foss. Mamm. p. 469.
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also represented by niilk-molars, fragments of other teeth, a last

Tipper true molar, and a few bones.

The Mammoth, Rhinoceros, and Reindeer were true representatives

of a cold or Arctic climate.

Discussion.

Dr. EvAXs bore testimony to the great interest and value of

Dr. Hicks's discoveries, but with respect to his conclusions he had

very considerable difficulty in accepting them. He did not think

that it was necessary to invoke the great submergence for which
Dr. Hicks argued. He believed that the tunnel-caves had been

in existence before the period of the deposition of the Boulder-clay.

After the re-emergence of the countrj- the caves appear to have

been occupied by Hysenas, though influxes of water carrying cave-

earth occasionally took place. The pressure of such accumulated

water might also lead to the breaking up and promiscuous mingling

of the contents of the caverns.

Prof. BoTD Dawxes's shared the doubts of the previous speaker as

to the justice of the author's conclusions. Similar phenomena to those

described occur in caves like Wookey Hole, and even in caves in the

immediate neighbourhood of those described. He believed that the

occasional flooding of the caves while they were inhabited by the

Hyaenas would fully account for all the phenomena described. He
did not accept the laminated clay as a proof of glacial conditions.

He did not believe that the breaking up and mingling of the deposits

could be effected either by glaciers or by the action of waves.

The implements made of felstone derived from the glacial deposits

found in Pont Newydd Cave on the opposite side of the valley,

prove that Palaeolithic man was in the district subsequently to the

Glacial period. He admitted the great difficulty of accounting for

all the phenomena presented in some of these cases.

The Author said that the theory suggested by the speakers in

the discussion had not met any of the difficulties raised by the facts

which he had adduced against believing that currents of water carried

the Boulder-clay into the caves. He could not see how water,

eiitering the tunnels in the manner suggested, could possibly pro-

duce the results observed, subsequently to the scooping of the valley

and the prolonged occupation of the caverns by Hysenas, except

by submergence. That the area had been subjected to great sub-

mergence is granted by all ; the question in dispute is as to whether
or not a submergence had taken place since the caverns had been
occupied by Hyaenas. The views held by himself agreed in the

main with those of Sir Andrew Eamsay, Mr. Mackintosh, and the

late Mr. Trimmer.

c2
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3. On the Occtjeeence of the Ceocodilian- Genus Tomistoma in the

Miocene of the Maltese Islands. By E. Ltdekeee, Esq.,

B.A., P.G.S., &c. (Read November 18, 1885.)

[Plate II.]

In the collection of the British Museum there is the terminal

13 inches of the rostrum of a large Crocodilian, from the Miocene of

Malta, to which Prof. Sir E. Owen has applied the name Melito-

saurus champsoides, but of which, so far as I am aware, no de-

scription has ever been published. The name is, therefore, really

a manuscript one; but siiice it has been quoted by Mr. J. W.
Hulko * and the late Prof. Leith-Adams t, and the type specimen

referred to as affording grounds for specifically distinguishing

another specimen, it seems advisable to take (with the proviso

noted below) Sir E. Owen's specific name as dating from the first

quotation.

The specimen, which is figured on a reduced scale in the accom-
panying plate (PL II. figs. 1, 2), shows the cranial and mandibular

portions of the rostrum. The former has lost all the teeth with the

exception of one, but shows eight dental alveoli on the right side

;

while the latter shows six teeth in situ in the left ramus : the whole of

the premaxillse, and the anterior narial aperture, together with the

anterior part of the nasals and maxillae, are preserved. It will perhaps

suffice to say that the specimen is nearly double the size of an adult

skull of the existing Tomistoma Schlegeli (Strauch), and that it agrees

with the latter in every essential respect. Thus the rostrum is

extremely long and narrow ; the first and fourth mandibular teeth

are larger than the others, and are received into notches in the

cranium ; the third premaxillary tooth is large, and the fourth very

small ; while the premaxillse themselves are not terminally expanded,

are long and narrow, and articulate with the stiU narrower nasals.

Apart, indeed, from its superior size, almost the only noticeable dif-

ference of the fossil from the recent Tomistoma consists in the

circumstance that the extremity of the premaxillse is more shelving,

and that the teeth are perhaps relatively larger, and their fore-

and-aft cutting-edges rather less sharp ; it also differs, however, in

having five teeth in the premaxilla, the additional tooth being, as in

Gharialis ( Gavialis) gangeticus^ interpolated between the proper first

and second teeth. Since this additional tooth is very variable in

Crocodilus, its presence in the present form can scarcely be considered

more than a specific character ; and as there are no other characters

which can be regarded as of generic value, the term Melitosaurus

appears unnecessary, and the specimen may be referred to the

existing genus under the name of Tomistoma champsoides (Owen).

* Quart. Journ. Geol. Soc. vol. xxvii. pp. 31, 32 (1871).

t Ibid. vol. XXXV. p. 527 (1879).



THE MIOCEKE OF THE MALTESE ISLAITDS. 21

From the reputed Miocene of the neighbouring island of Gozo

another Crocodilian has been described by Mr. J. W. Hulke * under

the name of Crocodilus r/audensis, which is said to differ from Tomi-

stoma champsoides by its smaller size, more slender and more sharply

pointed teeth, and the structure of the dental enamel. In his

description of the skull of this species, Mr. Hulke says that it agrees

with Tomistoma Schlegelif in the long rostrum, elongated pre-

maxillse (which articulate with the long slender nasals), and in the

entrance into the mandibular symphysis of the splenial element.

The latter character at once forbids the reference of the species to

Crosodilus, and as the specimen agrees with Tomistoma in essential

characters (although differing from T. Sclilegeli in several details

which do not appear of more than specific value) it may be pretty

safely referred to that genus under the name of T. gaudense

(Hulke).

In a recently published paper, Messrs. Toula and Kail::|: hiave

described a Crocodilian cranium from the apparently Mio-

cene strata of Eggenburg in Lower Austria, which they propose

should be provisionally known as Gavialosuchus eggenburgensis.

This specimen agrees very closely with T. Schlegeli in the number
of the teeth and in the general contour of the rostrum and the

relations of the nasals to the premaxillse ; although differing by the

presence of five premaxiUary teeth, and the eversion of the anterior

border of the orbit. In respect to the number of premaxiUary teeth

the Austrian form agrees with T. cJiampsoides, and the conclusion

as to the value of this character in the one case will likewise apply

to the other. The eversion or non-eversionofthe anterior border of

the orbit appears to the writer to be also a character which should

not be regarded as of generic importance, as he has found it to be

very variable in the fossil Gharialoids of the Siwalik HiUs of

India § ; and it accordingly seems that the Austrian form may be

included in Tomistoma. The two peculiar features of the Austrian

species (at least one of Avhich occurs in T. champsoides) indicate a

decided approach towards Gharialis ( Gavialis). Finally, the question

arises whether this T. eggenhurgense may not be specifically identical

with the Maltese T. champsoides ; but it seems impossible to decide

the question until the former shall have been figured. If the two be

identical, the specific name applied by Messrs. Toula and Kail has

the right of priority, since Owen's species has not hitherto been

defined.

The genus Tomistoma is represented at the present day solely by
T. ScJdegeli of Borneo, and the three forms noticed above are the

only fossil species with which I am acquainted. The occurrence

of the genus in the Miocene of the Maltese Islands and Austria

* Quart. Journ. Geol. Soc. vol. xxvii. pp. 30-32 (1871).

t Mr. Hulke employs Huxley's generic term Bhynchosuchus, which is of later

date than Tomistoma.

X Anzeig. k. Ak. Wiss. Wien, 1885, pp. 107-109 ; Ann. & Mag. Nat. Hist.

ser. 5, vol. xvi. p. 23(5.

§ See Palseoutologia Indica (Mem. Geol. Surv. Ind.), ser. 10, vol. iii. part 7
(1886).
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affords one more instance of the survival of Middle and Upper

Tertiary European genera in the oriental region.

P.S. (Jan. 20, 1886).—Since the preceding was in type I have

seen the full description and figures * of the so-called Gavicdo-

suchus eggenlurgensis. This fully confirms my opinion that this

form is not generically distinct from Tomistoma ; the anterior

extremity of the premaxillsg of the Austrian specimen is unfortu-

nately imperfect, but from the characters of the remaining portion

it is not improbable that this form is specifically distinct from T.

champsoides.

EXPLAJS^ATION OF PLATE II. Figs. 1, 2.

Tomistoma champ&oides (Owen) ; fig. 1. Anterior portion of the rostrum,

viewed from the facial aspect ; fig. 2. Anterior part of the left ramus
of the mandible, viewed from the outer aspect. One half natural size.

Discussion.

Prof, BoTD Dawkins remarked on the interest attaching to the

occurrence of oriental forms in Miocene beds in the European region,

such as Eastern deer of Rusa type, muntjac, tapir, &c.

Mr. Blaneoed pointed out that the particular interest in this case

was due to a genus once spread through several parts of Europe
being now confined to one oriental island, in the purely tropical

Malay subregion of the oriental region. Some other European
Miocene forms are also now peculiar to the same Malay subregion.

* Toula and Kail, Denkschr. k. Ak. Wiss. Wien, vol. 1. pt. 2, pp. 229-356,
pis. i.-iii. (1885).
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4. Description of the Crantfm of a new Species of Erinacefs from

the Upper Miocene of (Eningen. By E. Ltdekker, Esq., B.A.,

E.G.S., &c. (Read JsTovember 18, 1885.)

[Plate II.]

Among the collection of fossil remains purchased in 1871 by the

British Museum from the executors of the late Professor van Breda,

of Haarlem, was a small slab of limestone from the Upper Miocene
of Q^ningen, Switzerland, containing the ventral half of a small mam-
malian cranium, of which only the dorsal aspect was exposed. At
the time of writing part i. of the ' Catalogue of Eossil Mammalia
in the British Museum' (1885), I was unable to come to any
conclusion as to the affinity of the specimen in its then condition,

and it was therefore not entered. Shortly afterwards, however, Mr.
W. Davies, F.G.S., of the British Museum, thought that the speci-

men might be " developed ;" and by careful chiselling under his

direction the palatal surface was cleared, and revealed the whole of

the dentition of a species of Erinaceus in a most perfect state of

preservation.

Before discussing the affinities of the fossil form, it may be as

well to give a brief notice of the extent and distribution of the genus.

The dental formula is I. |, C. [, Bm. |, M. | ; and as Dr. Dobson *

considers that the three upper premolars are respectively homo-
logous with the last three teeth of the typical series of four, they

will be termed pm. 2
,
pm. 3, pm. 4 f.

At the present day nineteen species are recognized by Dr. Dobson +,

which are distributed throughout Europe, Africa, and the greater

part of Asia. Of these, Erinaceus eiiropceus (which is considerably

larger than the majority of the other species) is an aberrant form,

differing from all the others in that the third upper incisor and the

second upper premolar have each but a single (instead of a double)

root, and exhibit marked peculiarities in the form of their crowns

;

in some instances the two roots of the upper canine have coalesced §
in this species. Two of the Indian species (^E. micropus and E,

pictus) are further distinguished by the minute size, simple struc-

ture, position, and caducous character of the upper pm. 3 ; while the

former is, again, differentiated by the absence of the jugal element of

the zygomatic arch \\. The African E. albiventris, on account of the

absence of the hallux, has been referred by some zoologists (in my
own opinion unnecessarily) to a separate genus.

Turning to fossil forms, five species are recorded by Gervais in the

* Proc. Zool. Soc. 1881, p. 403.

t By mauy writers these three teeth are termed first, second, and tbu-d pre-

molars.

I Encyclopaedia Britannica, 9th ed. vol. xv. p. 402 (1883).

§ Vide Dobson, Proc. Zool. Soc. 1881, p. 403, fig. 10.

II
The Indian species are described by Anderson in the Journ. As. Soc. Beng.

vol. xlvii. pt. 2, pp. 95-211, pis. iii., iv., v., v.a (1878).
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'Zoologie et Paleontologie Prangaises,' 2nd ed. p. 53, and I am.

unacquainted with, any otliers. The first of these five is S. major,

Pomel, from the Upper Pliocene of Puy-de-D6me, which is said to

be somewhat larger than E. euro_pcBus, and to have thicker molars

and stouter limb-bones ; in the absence of a figure it is, however,

almost impossible to say whether this form is really entitled to speci-

fic distinction, and it can, therefore, only be regarded as a nominal
species. E. arvernensis *, from the Lower Miocene of Auvergne, is

known only by the mandible, and is a small species, apparently

agreeing very closely with some of the Asiatic forms. The third

species, E. sansaniensis, Lartet f, from the Middle Miocene of Sansan,

is also of small size, and is known by teeth, fragments of the man-
dible, and limb-bones ; but it can hardly be considered more than a

nominal species. The fourth species, E. duhius, Lartet J, from the

same formation, is founded on a fragment of a mandible with three

teeth, which, judging from the description, most probably belongs to

the genus Plesiosorex §. The fifth species, E. nanus, Aymard, from
the Lower Miocene of Eonzon, is a very small form, which was sub-

sequently made the type of a new genus Tetracus
|| , PinaUy, Lartet^

mentions fraguients from the Middle Miocene of Sansan, which
indicate a species equal in size to E. europceus.

Reverting now to the fossil, it may be observed that it indicates

a species nearly equal in size to E. europa3us, the length of the

cranium from the foramen magnum being 0'048 m. in the former, and
0-052 m. in a full-sized example of the latter; the second incisor bears

nearly the same proportion to the third as obtains in E. europaus,

but the first incisor is relatively smaller than in that species ; there

is a diastema between the third incisor and the canine, and each of

these teeth appears to be inserted by two roots. The second pre-

molar has two roots **, and there is no diastema between it and
pm. 3 , the latter tooth being large and complex ; the second true

molar is relatively smaller in comparison with m- 1 than in E.

europcaus. The zygomatic arch is complete, but the state of pre-

servation of the hinder part of the palate does not admit of close

comparison with recent skulls.

The presence of two roots to pm. 2
^ and probably to i^, distin-

guishes the specimen from E. europctus ; and a comparison with

the fine series of skulls in the British Museum has shown that it

cannot apparently be referred to any other existing species. It

comes, on the whole, nearer to the ISTorth African E. algirus than to

any other species, but difi'ers by the relatively smaller m^ and m. 3
,

and the relative proportions of the incisors.

Of the named fossil species, the only one which could possibly be

* See Cat. Poss. Mamm. Brit. Mus. pt. i. pp. 17, 18 (1885).
t Notice sur la Colline de Sansan, p. 12 (1851).

\ Log. cit.

^ See Cat. Foss. Mamm. Brit. Mus. pt. i. p. 19 (1885).

[|
See Filhol, Ann. Sei. G-eol. vol. xii. art. 3, pp. 8-14 (1881, vol. dated 1882).

The question is discussed whether this genus may not be identical with one of

those described by Pomel. ^ Op. cit. p. 13.

*^ In examining this tooth the crown broke off and revealed the two fangs.
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identical with the present form would be E. major ; but, as already

mentioned, it is impossible to consider that species as more than a

nominal one ; it is. however, quite probable that the unnamed
large species from 8ansan may be identical.

As the (Eningen specimen cannot, therefore, be identified with any

named form, it may be regarded as a new species, for which the

name Erinaceus oeningensis is proposed. This species may be defined

as agreeing nearly in size and the number of roots to the upper teeth

with E. cdgirus, but distinguished by the proportionate size of the

incisors and true molars. It is somewhat difiicult to determine

whether the characteristic features of the dentition of E. eiorojJOMS

indicate a higher or lower degree of specialization than that obtain-

ing in the other existing species ; but since the (Eningen species agrees

in this respect with the latter group, and that group comprehends

such a large number of forms, it is not improbable that the dentition

of E. eurojoceus is the most specialized. Considering, then, that the

peculiar features of the dentition of E. europoeus may be of com-

paratively recent origin, and taking into account the close general

resemblance in size and structure existing between E. oeningensis

and the larger Palaearctic forms like E. europceus and E. cdgirus, it is

not improbable that the former may be the parent stock from which

one, or perhaps both, of these species were derived. The small

dimensions of the Lower and Middle Miocene E. arvernensis and E,

sansaniensis may, perhaps, also indicate that the parent stock of some
of the smaller existing Asiatic species likewise originated in the

Tertiaries of Europe.

EXPLA^'ATIOlSr OF PLATE II. Figs. 3, 4.

Erinaceus miingensis, Lydekker. Oraniura from the Upper Miocene of CEningen

:

fig. 3, palatal aspect, natural size ; fig. 4, right upper dentition, X 2.

British Musenm (no. 42824).

DiSCFSSION.

Mr. E. T. Newton remarked on the smaU differences between the

lesser fossil animals of the later Tertiaries, more especially the

Pliocene, and those of the present day ; and while not doubting the

validity of Mr. Lydekker's new species of Hedgehog, called attention

to the tendency there had been, at a time when it was thought that

no fossil species could be the same as a recent one, to give new
names ; but when recent forms were traced back in time, it was
found that they extended much further than was anticipated, and
some of the fossil species turned out to be identical with the recent.

Dr. Woodward said that this specimen, with many others, was
obtained by Dr. Oswald Heer, when a student. The specimens

were purchased by Dr. van Breda, and the money was used by
Heer to pay his college fees.

Mr. Ltdekeer, in reply, agreed with Mr. J^ewton's remarks, and
said that in this case he had insisted on affinities rather than
differences from existing species. Still the distinctions were marked.
All fossil hedgehogs came very near recent forms, and this one
was closely allied to Palaearctic species.
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5. On some Boeings in Kent. A Conteibtjtion to the Deep-seated

Geology of the London Basin. By William Whitakee, B.A.,

F.G.S., Assoc. Inst. C.E. With Pal^ontological Infoema-

TioN by G. Shaeman, Esq., and E. T. N'ewton, Esq., E.G.S.

(Bead December 2, 1885.)

[Communicated by permission of tlie Director General of the Geological
Survey.]

[Plate III.]
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3 Frindsbury, Whitewall Cement Works.
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A. Inteodtjctoet Statement.

An account of the well at the Cbatham Dockyard Extension

Works, to the depth of 268 feet, was given, in 1872, in the
" Memoir on the Geology of the London Basin " *. Since the pub-
lication of that work the boring has been continued, through the

Chalk and the Gault, to the Lower Greensand, and a second boring

has been made to a little greater depth, with the unexpected result

of reaching Oxford Clay.

It will be of interest therefore to give a full account of these

borings, of which only short notices have yet appeared t, and to

review the bearing that the result of the later one has on our

knowledge of the underground formations of the London Basin.

The borings are about 210 yards westward of the Factory Basin,

in what was, until the extension of the docks was made, the marsh
on the southern side of the former St. Mary's Creek, that creek

having also been included in the new dockyard. The surface of the

ground is about ten feet above Ordnance Datum.
The earlier boring, which reached Lower Greensand at a depth

of over 903 feet, being of small size, in the lower part at all events,

it was resolved to put down another and larger one near by, in.

order to get a large amount of water from the Lower Greensand

;

^ ' Geological Survey Memoirs,' vol. iv. p, 459.

t Of the first boring, in the ' Guide to the Geologj' of London and its Neigh-

bourhood,' ed. 3, p. 19 (1880), and of both in ed. 4 of that httle work, pp. 19,

21 (1884). The later boring has also been noticed in the abstract of a paper

(substantially the same as this) read to the British Association at Aberdeen,

which has appeared in various journals.
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and it is to the second boring that this paper chiefly refers, because

of the unforeseen result.

One would have thought that Chatham was favourably placed for

getting a large supply of water from the Lower Greensand, which
formation has a broad outcrop only a few miles to the south. It

was therefore with some surprise that one heard that, after passing

through only 41 feet of sandy beds (below the Gault), a mass of clay

was reached at the depth of 943 feet.

At first this clay was naturally taken to bs either a very clayey

development of the Sandgate Beds (an idea soon abandoned), or

Atherfield Clay, or Weald Clay, this last seeming to be the most
likely, as it crops out from beneath the Lower Greensand in strong

force to the south *. The specimens of the clay, however, were not

quite like what would be expected from Weald Clay ; but no little

astonishment was felt when such of the small fossils in it as could

be made out were determined to belong to Oxford-Clay species.

This was first suggested by Mr. J. P. Creswick, to whom the

Geological Survey is indebted for information and assistance in this

subject, and who had washed some of the clay at the Admiralty
Office of Works. It was fuUy made out by Mr. G. Sharman in

August 1884, when he recognized a s])eeiTa.eTL of Ammonites crenatus,

from a depth of 958 feet. Other specimens of Oxford-Clay species

have since been found higher up, to 925 feet from the surface, and
therefore we may safely include the whole of the clay (beneath the

Lower Greensand) as belonging to that formation, especially as it is

of much the same character throughout.

Since this paper was written (February 1885), Prof. Judd has

referred to the subject f, remarking that the fossils prove that we
have to do with the middle part of the Oxfordian, the zone of Am-
monites Lamherti.

The question of the advisability of continuing the boring having

been referred to me by Mr. Bristow, I reported thereon (29th ]S"o-

vember, 1884), concluding as follows :
—" As a question of scientific

interest, and one, probably, of great practical importance (in view
of the possibility of the occurrence of Coal Measures), the continu-

ance of the boring is highly to be desired ; but as a question of

getting water, it can hardly be recommended. One would expect the

underground ridge of older rocks (that has been proved under
London &c.) to be met with, and, perhaps, at no great further depth

.... but what formation .... would be found seems be3'ond con-

jecture." In a later communication, again (after having been in-

structed to prepare a paper on the subject), I ventured to say that

my own personal opinion was that the boring should be carried on,

as an experimental boring (apart from the question of water-supply),

and, at the same time, I suggested that if a large amount of the

cores from the boring had been kept at Chatham, and were to be

* See Topley, in the discussion on Prof. Judd's paper, Quart. Joum. Geol.

See. vol. xl. p. 763 (1884). His opinion, howeyer, was based only on some very
* small specimens.

t Quart. Joum. Geol. Soc. vol. xH. pp. 526, 527.
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seen, it would be well that they should be examined on the spot,

and special parts selected for more detailed examination at Jermyn
Street.

In accordance with this suggestion, Mr. E. T. Newton was sent

to Chatham, and he has given me many useful notes, besides assist-

ing Mr. Sharman in the determination of the fossils.

This paper originally referred to Chatham only ; but, in order to

make it as complete as possible, accounts of other unpublished deep

borings in Kent which pass through the Chalk, have been added.

The details of two of these were not received until the day on which
the paper was read, and some further notes of the Dover boring

have come to hand since.

B. Details oe the Boeings.

The following account of the beds passed through in the Chatham
wells has been compiled from various documents, mostly unpublished,

and from the examination of specimens. To Col. Percy Smith, R.E.,

Director of Works at the Admiralty, the Geological Survey is in-

debted for a set of specimens from the second well and for informa-

tion about it. In all cases words in square brackets have been

inserted by myself.

1. Chatham Bockyard Extension.— Well No. 1. 1868-1878.

E. A. Beenats. Lectures on Chatham Dockyard Extension

Works. Delivered at the School of Military Engineering, Chatham.

Eor private circulation. Eol. Chatham: 1879. Pp. 13, 14.

Measurements from the coping-level of the new basin = 5| feet

above high water of ordinary spring tides.

Shaft and cylinders 67 feet, the rest bored.

At a depth of 301 feet an ample supply was found; but the water

was very hard and of bad quality (from infiltration from the river)

;

it was therefore shut out. Water rose from the bottom and over-

flowed ; it was found that it would rise to 19 feet above the

ground.

The flow was at the rate of 80 gallons a minute, which continued

[for some time], the water being soft and good, with a temperature

of 65°.

Thickness. Depth,
ft. in. ft. in.

Made ground and alluvial mud 12 12
[River Drift.] Loamy gravel 10 6 22 6
[Thanet Beds ?] Loam 3 25 6

r Soft chalk 22 47 6
Chalk, 684f ft... <^ Hard chalk 552 599 6

[Chalk Marl 110 6 710
rGault[clay] 191 6 901 6

[Eock[? nodules] 9 903 6
To [Lower] Greensand.
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Information communicated by the Docls:yarcl authorities differs

somewhat in details (to the base of the Chalk), giving the following

section. In the drawing from which part of this was taken the

thickness of the beds was different on opposite sides, and the mea-
surements were therefore made along a middle line.

Marsh-clav and mud
River-gravel (?9 to 12| ft.)

Loam [Thanet Beds]
/^ Chalk (soft rubble), with a layer of

flints at bottom
Block chalk, with many layers of flints

Hard rocky material, called " white
flint"

Chalk, with many layers of flints . .

.

Hard chalk. Fissures 45 ft. deep at

about 300 ft., and a layer of black

flint 234 10 621
Chalk [a small specimen looked like

ordinary Lower Chalk] 79 600
Chalk Marl. At the bottom the fol-

lowing succession :—A soft bed, 2ft.

thick, underlain by sandy loam,

H ft., and then hard Chalk Marl,

1ft 110 710

Chalk, 689 ft.

Thickness,

ft. in.

6
11 3
3 9

Depth,
ft. in.

6
17 3
21

43 1

80 3
64 1

144 4

2 9
139 1

147 1

286 2

In June 1880 I saw, at the Dockyard, some of the cores that

were brought up. The lowest three feet or so of the Chalk Marl
was grey, with green grains, and with some small nodules (espe-

cially just above the base, which was given as 712 feet deep), differ-

ing slightly therefore from both versions of the section. The spe-

cimen showing the junction with the Gault was hardened ; one part

being Gault, the other Chalk.

2. Chatham Dockyard Extension.— Well Ko. 2 (about 20 feet from
No. 1). 1880-1884.

From documents communicated by the Admiralty and from
specimens.

Measurements taken from the level of the coping of the new
basin, which is about 18 feet above Ordnance Datum.

Shaft 450 feet ?, the rest bored.

Water found 17th August, 1880, at a depth of 902 feet. After

five hours it flowed over the pipe, 3 feet above the level of the

coping.

At 912 feet the water contained about 1 per cent, of sand, of

which several cart-loads were pumped up. The pump, 160 feet

down, lifted 300,000 gallons in 24 hours, keeping down the water
to 103 feet below the level of the coping.
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Made ground about
Loamy gravel. \
[? Thanet Beds]. Loam, with flints at the bottom J

*"

(^Soft white chalk (Bullhead)

! Hard white chalk, with beds of flint at intervals

j Grey chalk in layers, alternately hard and softChalk,

682 ft.

<^
CO

<D

jta pD

1—1 n-^

i-q"
(U

^ r^

a -^ \^

O
t-l

<D

Ô
1-^

j
with beds of flint at intervals. At a depth

I
of 517 ft. hard greenish chalk, 16 ft. thick ...

l^ChalkMarl 130
{Clay (? more sandy at top). Specimens of grey

clay from 870 and 890 ft. deep 192
Calcareous sandstone, with small black phos-

phatic nodules and many giauconite grains. .

.

I^Sand. The beds fell in, so that their nature is

a little uncertain. Specimen, from 912 ft.

(from water pumped up), fine sharp sand,

with giauconite grains 11
Coarse dark sand and grit, with nodules 6 ft.

down. Specimens, from 913 ft., phospha-
tizedi Ammonites ; from 915 ft., withbroken-
up phosphatic nodules; from 918 ft., with

{ waterworn phosphatic nodules. The nodules,

Mr. Newton thinks, may have fallen down
from the Grault 8

Sandy beds with stones [nodules]. Specimens
of fine sand, with giauconite grains, from 921
and 924 ft., with nodules from 927 and
928fft 9

Sandy beds, compact and dark. Specimens

l^ from 930 ft 2
Saudgate Beds? Compact sandy clay, with

nodules of impure iron-pyrites, 7 ft. down.
Specimens from 932 ft. (with nodules), 934,

936, 940, 941, and 942 of grey clayey sand

1^
or sandy clay

Oxford Clay. Hard stifi* clay, drying light-grey, with
nodules [pyrites ?] 4 ft. down (a specimen is of pyrites,

partly crystalline, with an included piece of phospha-

tized Ammonite), and with a hardened layer lOj ft.

down. Specimens from nearly every foot (wanting

944, 946, 948, 957, 959, 961-964), with pyrites from
943 ft. ; two phosphatic nodules (? fallen) from 953 ft.

Thickness
in feet.

15

Depth
in feet.

15

12 27

9
116

3S
152

427
130

579
709

192 901

1 902

11

22?

913

921

930

932

943

965?

In a drawing the thickness of the bottom clay is made only 20J
feet, and the total depth. 963| ; but there is a specimen from 965
feet.

Mr. l^ewton reports that cores from the second boring (below the

450 feet that was dug) are lying on the ground, but with no indi-

cation of the depths from which they came^ although that was care-

fully marked when they were drawn. He adds that a diary, kept

in the ofi&ce at the dockyard, states that the first core was drawn
from a depth of 470 feet, though it seems that only a part, if any,

of this first core is now preserved ; so that probably the cores now
lying on the ground begin from below that depth, from which it

follows that only about 240 feet of Lower ChaUi is represented by
them.
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An examination of the cores showed, says Mr. Newton, that at a

depth of about 500 feet (30 feet from the top part) an irregular

nodular bed occurs, with many shells of Inoceramus (which seemed

to belong to J. Brongniarti and /. Ciivieri). He was unable to

identify the zone of Belemnites plenus, though many Belemnites were

said to have been found in the Chalk, but at what depth was not

known.
Low down in the Chalk Marl the following characteristic fossils

were got :

—

Baculites baculoides, a fragment of a Hamite, and part of

a Pecten Beaveri.

The Gault cores were fast disappearing, broken up by frost and
then overgrown, and no trace of fossils was to be seen. No clue

could be got to any horizons therefore ; but, from specimens sent to

the Geological Survey in 1880, the following list has been made,
and the fossils seem to have been chiefly found at depths of from
855 to 882 feet.

List of Fossils from the Gault.

Eostellaria carinata, Mant.

Cucullgea carinata ?, Sb?/.

Inoceramus concentricus, Park.
sulcatus, Park.

Serpula.

Cjclocyathus.

Ammonites auritus, Sbj/.

Beudantii, Brongn.

rostratus, Sby. (= inflatus).

tuberculatus. Sby.

varicosus, Sby.

JBelemnites (fragments).

Hamites, 2 species.

Actaeon.

Natica gaultina, D' Orb.

A small undeterminable Gasteropod was the only fossil found
after washing specimens of the sandy clay forming the bottom part

of the Lower Greensand, between the depths of 934 and 938 feet

;

whilst specimens from 941 and 942 feet yielded only fragments of

shells. There is therefore no fossil evidence as to the age of the beds

which have been classed as Lower Greensand, and it has been
suggested that some few feet of the top part may be sandy beds of

the Gault ; but, in the absence of evidence, the only safe plan is to

class the whole of these beds together.

Unless the few phosphatized Ammonites have fallen in, from the

junction-bed with the Gault, they are, I think, in favour of the

above view, although the occurrence of derived fossils (as some of

these seemed to me to be) has not been noticed in the Lower
Greensand of this district. The specimens are much rolled.

A specimen from the top part of the Oxford Clay yielded, on
washing, fragments of bivalve shells and a minute Gasteropod ; but
none of these were determinable. From a depth of 945 feet down-
wards fossils were found in aU the specimens. They are essen-

tially the same throughout, and all very small ; but they leave no
doubt as to the age of the beds. It is noteworthy that of the nine

species figured by G. Damon as characteristic of the Oxford Clay *,

* ' The Geology of Weymouth,' ed. 2, p. 28 (1884).
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five have been found here. I may add that the pyritized Ammonites
and the Serpula vertebralis at once reminded me of the Oxford-Clay
fossils that I was aecnstomed to lind in Bedfordshire, in my first

year of Survey life, no need to say how long ago.

List of Fossils from the Oxford Clay (at depths from 945 to 965
feet). All the specimens very small and fragmentary.

Ammonites crenatus, Brug.
hecticus ? Bein.

Lamberti, Sby.

phcatilis, Shy.

minute forms, possibly young.
Belemnites.

Alaria trifida.

Very minute Gasteropod.

Astarte.

Corbula ?

Pecten.

Crustacean claws and limbs.

Bairdia, near to Juddiana, Jones.

Serpula vertebralis, Shy.

Serpula, sp.

Acrosalenia (?), small spine,

Cidaris, plate and small spine.

Pentacrinus Fisheri*, Baily {Forbes,

MS.)? =P. sigmariniensis.

sp.

Small turbinate coral.

Oristellaria crepidula, F. and M.
rotulata, Lam. (var. with cupped

centre and raised septa).

(var. with smooth outside).

Wood.

3. Frindshury. Wkiteiuall Cement WorJcs (Formhy's). 1882.

Sunk and communicated by Mr. T. Tilley.

30 feet above high-water mark.

Bored throughout, 4 inches diameter, lined with tube.

Directly the rock was pierced water rose to the surface, throwing

out a large quantity of sand and pebbles. It rose to a height of

61 feet above high-water mark. The water is bright, free from

sand, and has been analyzed by Dr. Voelcker.

Yield 60 gallons a minute. In December 1885 the supply was
as strong as when first tapped.

Chalk

[aault,192ft.]{g^^^*J;^^y_

Thickness
in feet.

618
189^

Depth
in feet.

618

810

To [Lower] Grreensand, in which water was got at the depth of 815 feet,

there being apparentlj^ a hollow, the tubes going freely 18 feet below where
the tools had been.

This section, which is barely 1^ miles westward of the dockyard-

borings, agrees well with them as to the thickness of the beds ; for

although there is here less Chalk, it must be remembered that the

site is not at the top of that formation, though near it.

Some of the tubes are said to have become magnetized, so that in

lowering a bar it was pulled over to one side and held firmly ; some
of the boring-rods too were acted on in the same way.

* The Eev. O. Fisher says, in a letter to Prof. Judd, that Baily (Ann. Nat
Hist. July 1860) has wrongly referred this species to the Kimeridge Clay,

whereas it was found by Mr. Fisher, in Oxford Clay, at Weymouth.
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The only other instances of a like occurrence that I have heard

of come from America. Mr. G. E. Broadhead has recorded that "in

boring to the depth of 833 feet, the drill was often observed to be

highly magnetized, but after that depth no further influence was
observed"*; and in a " Eeport on the Artesian Wells of Denver,"

which forms the chief paper in the first volume published by the

new local Society, Mr. F. F. Chisholm says, " Upon the subject of

the so-called magnetic water, it is scarcely necessary to say that

water cannot be magnetic. The magnetism observed is located in

the casings, and is due to the magnetizing of the steel drill by fric-

tion and pounding, and this magnetism is communicated to the casing-

during the passage of the drill when lifted and lowered " f.

4. Frindshury. Chattenden Barracks, North of Ujpnor. 1885.

Communicated by Col. E. Hawthorne, R.E. and Mr. H. G. Lyons,

E.E.

127 feet above Ordnance Datum.
Shaft and cjdinders about 200 feet, the rest bored.

Water from the three greenish sands (down to 123, 129|, and
146 feet respectively) was ferruginous. Water rises to about 114
feet from the surface, and, after pumping two hours, at the rate of

5000 gallons an hour, could not be lowered below about 170 feet.

Thickness Depth
in feet. in feet.

London Clay, J
brownish clay 16^ 16^

101 ft
-^ Blue clay 75^ 92

Aui It.
1^ Greenish sand and blue olay 9 101

Oldhaven Beds. Gravel with chalk [? white flint pebbles]

andsheUs 7^ 108|
/'Fine sharp sand, with water 6^ 115
Green sand 3 118
Greenish sand 5 123
Shells closely packed in blue clay 5 128
Hard black shale 1 129
Fine green sand | 129f
Fine white sand 7 ISGf
Greenish sand, wet, and blowing from
under cylinder 10 145|

Fine sand, almost on the move with

water 20^ 167^
Blue clay, sand, and pebbles 1 108^

Thanet Beds, j Green sand 16| 184^
121|ft. 1 Blue sandy loam 105^ 290

Chalk 493 783
Gault (bluish-grey clay) 320 1103

In all likelihood there is some mistake in classifying so great a

thickness of beds as Gault. It is not unusual for the clayey lower
part of the Chalk to be so classed ; and, as we have no reason to

expect any thinning of the Chalk, but on the contrary may count

* Trans. Ac. Sci. St. Louis, vol. iii. p. 221.

t Proc. Colorado Sci. Soc. vol. i. p. 86 (1885).

Q .J. G. S. No. 165. D

Woolwich Beds,

69| ft.
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on its continuing northwards with about the same thickness as at

Chatham, it would he safer to take only about 130 feet of the boring

as in Gault. In this case some 60 feet more should reach the

bottom of that formation, and the progress of this boring (which is

unfinished) may be of interest in showing us whether the Lower
Greensand thins out altogether, as one might expect from its small

thickness at Chatham.
The great thickness of the Thanet Beds here is notable, 121 feet

being a good deal more than one would have expected.

Mr. Lyons has noticed, in a letter to me, that the section of the

Tertiary Beds is almost identical with that of the neighbouring

Upnor pits *, and has classified the beds accordingly.

I have had, for some years, an account of a shaft at Chattenden

Barracks, which seems to be a diff'erent version of the top part of this

well, and may perhaps as well be noticed here. It was taken from
a drawing (dated 1876) communicated by the Inspector General of

Fortifications, and is as follows :

—

Thickness Depth
in feet. in feet.

[London Clay, /Brown clay 17 17
102 ft.] [Blue clay 85 102

[Oldhaven Beds, f Light-coloured silver-sand 5 107
10 ft.] 1 Shells, sand, and stones [? pebbles] 5 112

rSand 8 120

TTTT 1 • 1 X) 1 T Shells, dark earth, and stones 2 122
[Woolwich Beds.]

Sand ;nd shells... 10 132
1^Green sand 1 133

5. Boxley Grange, South of Chatham. 1885.

Bored and communicated by Mr. R. D. Batchelor, of Chatham,

and from information and specimens from Messrs. Dunlop and Co.

rOldweU
™ „ ! Hard chalk, with flint, and alter-
^^^^^

1 nate layers of soft chalk, with-

in
out water

Chalk Marl, and Gault (a fine blue clay, hard and dry) . .

.

[Dead green sand

PP
, -,

J Light-brown clay
Lbrau .J

^ Darker clay, specimen grey ; also

[ some crystals of pyrites at 922 ft.

/'Dead green sand
Dead green sand with pyrites . .

.

Dead green sand[Lower Greensand,

or, in part, base of -^ E-ock

Gault.] Dead green sand
Eiock

i^Waterworn light-coloured sand.

Thickness Depth
in feet. in feet.

348

258 606
310 916
2 918
3 921

4 925
1 926
2 928
4 932

4
932|

¥ 938^
^2 943

In this case there is thickness enough for the Chalk, especially

as the well does not begin in the topmost beds. A more detailed

<^ Geol. Survey Memoirs, vol. iv. pp. 144, 145 (1872),
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account of the Chalk, as found in a well near hy, may be seen in

the Memoir on the London Basin *.

The amount of Gault seems to be in excess of that in the borings

at and near Chatham.

6. CJiartham, South of Canterhwy, Kent Asylum. 1874.

From a tracing communicated by Mr. J. Giles.

254 feet above the level of the Stour.

Shaft 261 feet, with two headings of 100 feet in length, at 257

feet, the rest bored.

First water-level 231 feet down. Present water-level (? October,

1874) 238 feet down.

Thickness Depth
in feet. in feet.

(^White chalk with beds of flints 261 261

Soft chalk with flints 51 312

I
Black sticky chalk with flints 8 320
White chalk with few flints 53 373

I

Hard rockv chalk with veins of pyrites ... 11 384
Hard chalk with flints 16 400

p,, ,, ,
j
Light-coloured chalk with few flints GO 460

^4It^ "^

-^^''^ ^''®^' ^^^^^ ^'^^^ ^®^^ ^^ ^^°^® ^^ ^^'^

' ®®
I

Dark sticky chalk, hard in places [a spe-

I
cimen from a depth of 607 feet is clayey

I

chalk, rather dark ; another from 731

I

feet, is chalk marl, with green grains
;

and another, from 732 feet, is the same,

I

with more green grains] 230 734
l^ Dark sand [base of Chalk Marl] f

Gault clay [specimens grey and calcareous ?] of 740

Although this section, which has been in my hands for some years,

does not show the whole thickness of the Chalk in East Kent (not

beginning at the top of the formation), yet it marks the position of

the base.

7. Dover. Convict Prison^ East Cliff. 1885.

Made and communicated by Mr. R. D. Batchelor. Also from
information and specimens from the Home Office.

180 feet above the level of the sea.

Shaft 315 feet, with headings at the bottom ; the rest bored.

Water found at 315 feet, in headings, to the extent of 18,000
gallons a day.

* Geol. Survey Memoirs, vol. iv. pp. 463, 464 (1872).

d2
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Surface soil

Thickness
in feet.

1

/^ Upper Chalk, with flints 249
I Middle Chalk, few flints 145
E-ocky yellow chalk, no flints 39

I
Chalk Marl [= clayey chalk] 14

[Chalk, 674feet.]-| Lower or grey Chalk 182
Upper Gault or Chalk Marl [clearly the

latter] ... 42
Upper Grreensand [=green base of Chalk

Marl], without water 3
Gault ;

I
138

[Lower Grreen-

sand, 49 feet?]

[Beds of doubtful

age, 54 feet.]

Eocky dead green sand 1

Dead green sand 2

j Hard boulder-rock 2

I

Dead green sand. Specimen at 831 feet,

I

fine greenish-grey clayey sand 31

\^ Black sand and clay 13
/'Brown clay. Specimens at 875 feet,

brown and brownish-grey clay ; at 879
feet, brownish-grey and grey clay, mixed
with chalky matter [? carried down the

bore] 17
Dark sand and clay 1^
Eock i
Light-brown clay, with a greenish tinge

(and with a small quantity of sand ?) . . . 8
Greenish clay (? and dark clay, with

pyrites?) 15
White pipe-clay 10

1^ Greenish clay 2

Depth
in feet.

1

250
395
434
448
630

672

675
813
814
816
818

849

879
880^
881

889

904
914
916

It should be noted that of four accounts of this section that

have been received only two agree in the description of the beds

from the base of the Chalk downwards, and that the description

giving most detail, and at the same time the clearest explanation,

has been adopted.

Perhaps the Gault should have been carried 5 feet lower, on the

inference that the 2 feet of rock may be the nodule-bed at the base

of that formation, though it may be a sandstone, like that which
occurs in the Folkestone Beds at the outcrop to the south. Perhaps,

too, the Lower Greensand may have been carried 13 feet too low.

"What formation the clayey beds at the bottom belong to is un-
certain, no fossils having yet been found, though the workmen have
somewhat cleverly tried to make up for this want by making im-
pressions, from a small specimen of a recent Nassa^ in the clay.

Their earlier attempts, in the clayey greensand, are less artistic,

fair-sized specimens of the shell of the aforesaid Nassa having been

bodily included. It is possible, of course, that these clays may
belong to the Wealden Series, but the one clean specimen that I

have as yet seen seems to me more suggestive of a Jurassic origin.

The occurrence of Kimeridge Clay would be interesting. Speci-

mens are now under examination by IMr. Sharman.
It may be useful to reproduce here an account of a trial-boring,.
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perhaps not known to many of our ILembers, and at a site well

fitted for further experiment.

St. ]\Iargaret's, near Dover. Trial-boring for the Channel Tunnel
Company [on the shore]. Prestwich, Proc. Inst. Civ. Eng. [1874.]

Thickness Depth
in feet. in feet.

Shingle 9 9
/^White chalk 209 218

_.^ ^- .,
I

Yellow chalk 4 222

^S ^A^i^^l White chalk 4 226
Chalk, 240feet.

^ j,.^^^^^,^ (saltwater) 3 229
I, White chalk 20 249
,^ Grey chalk 30 279
White chalk 10 289
Blue marl 11 300
Pipeclay 42 342
Light-blue clay 158 500
Light stone 1| 501|
Light clay 1^ 503^

I

Stone 1| 504J
Lower or Grey-{ Clay* 2^ 507
Chalk, 299 feet. Stone ij 508^

Clay* 3 51U
Stone 1| 513|
Clav* 10 ,523^

Stone li 524^
Clay* 10 534f

I

Stone ^ 535

I

Clay* 10 545
(Greensand [=base of the Chalk Marl] ... 3 548

GaultClay 19 567

C. Geological Eestjlts op the Boeixgs.

Having the details of the two Chatham, borings before us, together

with those of the neighbouring Cement Works bore, we may now
pass in review the various formations pierced, and see what infor-

mation has been given by the work. Until the Chattenden boring

has had further examination, I fear that it cannot help us much,
except in so far that it gives the full thickness of the beds between
the London Clay and the Chalk, a matter with which we have now
no particular concern.

In the first place, with regard to the beds above the Chalk at the

Dockyard, we learn but little ; this, however, is of no moment, as

the excavations for the neighbouring basins gave very fine sections

of the alluvial beds ; and it may be of interest to note that one of

these sections yielded what may fairly be described as the largest

fossil in the world—to wit, a Dutch Man of War, one of the fleet

that sailed up the Medway in the time of Charles the Second,

was sunk, and then buried by the river-deposits. The occurrence,

however, of a few feet of loam between the gravel and the Chalk is

of some importance ; for if, as seems most probable, this represents

* "Clay" (in the Chalk) is probably ussd in the sense of marl, or marly
chalk. One is hardly disposed to accept the above classification of Upper and
Lower Chalk, but inclined rather to end the former higher up.
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the base of the Thanet Beds, it shows that the whole of the Chalk is

present.

The Chalk therefore being passed through from top to bottom, "we

have, for the first time, a measurement of its total thickness in the

district. This is from 682 to 689 feet, according to the various

accounts, a less amount than one might have expected, but which is

confirmed by the section of the neighbouring boring at Prindsbury

(Cement-works), showing 618 feet of Chalk at a point some way
below where the Thanet Beds come in. The higher of the above

figures (689) exceeds only by 18 feet the thickness of the Chalk in

the Eichmond boring*, and by 44 feet that in the Kentish Town
section, which gives the least thickness of all the borings in the

London Basin that pierce the Chalk from top to bottom f. In
marking the probable position of the base of the Chalk in Sheets 78
and 84 of the so-called Horizontal Sections of the Geological Survey,

which cross the Chalk and Tertiary district just eastward of Chatham,
and in which that line was kept low for safety, 1 have erred by
about 180 feet, having estimated the thickness of the Chalk as pos-

sibly reaching to about 870 feet.

The absence of the Upper Greensand is no more than we should

expect ; for there is none of this formation at the base of the Chalk
hills to the south, although a narrow strip has been coloured on the

Geological Survey Map (an error corrected in the Drift Edition now
being engraved). The 18 inches of greenish-grey marly sand de-

scribed by me as Upper Greensand (in the Memoir on the Weald,

p. 153) is, of course, far too thin to be mappable ; and, moreover,

I should now class it as the base-bed of the Chalk Marl, the same
as the Cambridge nodule-bed J.

With regard to the Gault there is a diflPerence of 6 inches in the

two Chatham borings, and the Prindsbury well agrees remarkably

with them, being but a foot less ; so that the figures 192 and 193
may fairly be taken as the thickness of this bed here, where the

slight dip would have but a trifling effect in exaggerating it. This

tends to show that, as has been the case further west, too small a

thickness may have been assigned to the Gault at the outcrop, which
has been given as low as 100 feet, and that the supposed abnormal

thickness at TrottesclifiPe, where the Gault was not bottomed after

183 feet had been passed through, is not so exceptional as has been

thought §. Here, again, there is a fair agreement with the Eichmond
* Prof. Judd, Quart. Journ. Geol. Soc. vol. xl. p. 724 (1884).

t 'Guide to the Geology of London,' ed. 4, pp. 20, 21 (1884).

J In Ed. 4 of the ' Guide to the Geology of London,' p. 16, first paragraph,

the statement with regard to the deep wells of the London basin, that " in eadh

case the Upper Greensand and the Gault succeeded in due order," should have

been "in most cases the Upper Greensand and in all the Gault . . .
." The

mistake is a case of survival from a former edition, in which the statement was
correct.

§ ' The Geology of the Weald,' Mem. Geol. Survey, p. 148 (1875). For the

thicknesses of the various divisions of the Lower Greensand and of the Wealden
beds at their outcrop I am indebted to this work. I have also to thank the

author, Mr. Topley, for the trouble he has taken in getting together informa-

tion on the Chatham borings.
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section, which gives a thickness of only 9| feet more than the lowest

of the above figures (192).

So far, therefore, nothing occurs to cause any surprise ; but when
we reach the Lower Greensand we are faced by new facts, though
at first these are not particularly startHng, as in sands one expects

some irregularity. At the same time one would not have expected

that the Folkestone Beds (the sands that form the uppermost divi-

sion of the Lower Greensand) would have thinned away to 30 feet

from the 100 feet at their outcrop to the south, the nearest point of

which is less than seven miles ofi^. jS'o surprise would have been
felt, however, if the more clayey Sandgate Beds, always thin and
often inconstant, had been absent (as they are practically over the

outcrop of the Lower Greensand to the S.W.) ; but they seem to be

well represented by 11 feet of sandy clay, a thickness that compares

fairly with that at the outcrop on the south.

After this, however, every previously known formation of the

county of Kent is absent, and we are confronted by the total disap-

pearance underground of beds that are well developed at their outcrop

near by to the south, where, indeed, some of them occur in their

greatest force.

Taking the absentees in downward order, we have firstly the

Hythe Beds, with a thickness of 70 or 80 feet near Maidstone, the

head quarters of the Kentish Rag (the most characteristic state of

this division of the Lower Greensand). Their nearest point to the

boring is but just over 7 miles, and they are thicker to tlie west.

Then of the thin clay that has been classed as Atherfield Clay,

and which is some 15 feet thick in the Maidstone district, there is

no trace.

The next formation wanting is the "Weald Clay, the nearest

outcrop of which is at the inlier at Maidstone, some nine miles away,

where too it has proved to be 600 feet thick, in a boring. In the

light of our new facts, however, one may perhaps question whether
this 600 feet is really all Weald Clay, although that thickness

seems not too great for the main outcrop a few miles to the south.

The record is an old one, and probably specimens do not now exist

;

so we must be content to leave this question, and to accept the old

reading.

Having now got rid of some 700 feet of beds, which crop out at

no great distance from Chatham, we are prepared to lose the rest of

the Wealdenbeds, which occur further off'; and, indeed, one would be

surprised if, in the absence of the lower part of the Lower Greensand

and of the Weald Clay, any members of the Hastings Beds were
represented. These increase our deficiency as foUows :—The Tun-
bridge-Wells Sand by about 160 feet, the Wadhurst Clay by about

the same, and the Ashdown Beds, the base of which is rarely seen

in the AVeald (and then in Sussex), by probably at least 400 more.

To continue, we have no trace of the Purbeck Beds, which, near

Battle, underlie the last, with a thickness of over 300 feet ; so that

more than 1000 feet is added to the 700 above mentioned, and to

this respectable total of over 1700 feet, nearly as much can be
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added from the result of the Subwealden Boring, shortly to be

referred to.

D. General Eemaeks on the Deep-seated Geology oe the
London Basin.

The facts of the Chatham borings being now before us, it may be

profitable to compare them with those of the other deep borings in

the London Basin, and to see whether the evidence of this sort now
in the hands of geologists warrants any general conclusions as to

the deep-seated stratigraphy of that large district. Firstly, let us

take those borings along the Valley of the Thames, westward of

Chatham, and then, having seen what occurs along this E. and "W.

line, examine the evidence to the north and to the south, in all

cases beginning below the Gault, down to which point there is

regularity.

The furthest boring westward of Chatham is that at Eichmond,
which has lately been described to the Society by Prof. Judd*, and
is about 37 miles distant. Here we find 10 feet of beds which are

probably IN'eocomian, whilst the Lower Greensand at its outcrop,

fifteen miles or more to the south, is about 400 feet thick. To this

succeeds 87 feet of Jurassic limestone, with clay, but of Great Oolite

age; so that the whole of the Wealden Beds are here absent,

as at Chatham, and also the Upper and Middle Jurassic (in the

latter of which the Chatham boring ends). The Lower Jurassic

beds are succeeded by what seems to be Trias, in which the boring

ends at a depth of 1447 feet, the greatest reached in the London
Basin.

Nine miles north-eastward we come to Meux's Brewery, where
there is no trace of Lower Greensand, but only 64 feet of Jurassic

limestone &c. (of the same age as that at Richmond) between the

Gault and the Devonian shale, in which the boring ends.

In the Kentish-Town boring, about 3 miles to the north, the

Gault is succeeded by a set of beds that may be Trias, though some
geologists take them to be Old Bed ; and, as at Richmond, these

possibly Triassic beds were not bottomed.

Over 11 miles further east from Meux's, at Crossness, a like

thing occurs, the Gault being underlain by red beds, perhaps ot

Triassic age.

With regard to the argument against the red beds at Richmond
being classed as Trias, from the fact that "nowhere else did an un-
conformity so marked occur between Oolitic and Trias," brought

forward by Prof. Hughes in the discussion on Prof. Judd's paper f,

one may remark that it applies only to the Richmond section, where
the red beds are overlain by a Jurassic deposit. It does not apply

to the cases of Kentish To^^n and Crossness, where the Gault comes

next to the red beds. As, in the West of England, Cretaceous beds,

overlapping the whole of the Jurassic Series (including the Lias),

* Quart. Journ. Geol. Soc. vol. xl. p. 724, vol. xli. p. 523.

[ Quart. Journ. Greol. Soc. vol. xl. p. 763.
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often rest at once on Trias, so a like thing may occur in the London
Basin ; and, even if the bottom-rock at liichmond should turn out

to be Old Eed, it does not follow that the same age must be as-

signed to the beds beneath the Gault in the other borings. Old Red
moreover is not the only alternative in the Eichmond case, Carbo-

niferous rocks being often stained red.

From this to Chatham (over 19 miles E.S.E,) we have no deep

boring passing through the Chalk ; but the whole of this evidence

shows that the ridge, or one should say rather the plain, of Primary
rocks under the Thames Yalley was under water long before Cre-

taceous times, being capped, though sometimes very thinly, by older

Secondary beds, varying in age from Oxford Clay perhaps to Trias,

but Lias not yet having been found, nor any member of the Upper
Jurassic.

From London northwards we have (besides the Kentish-Town
section) two deep borings :—firstly that at Cheshunt (Turnford)*

about 13 miles northward of Kentish Town, in which the Gault is at

once succeeded by Devonian shale, and then that at Ware (Broad

Mead) t about 6| miles further north, where Upper Silurian beds

occur at a higher level than any of the other old rocks in our other

deep borings, and are separated from the Gault by only 1| feet of

Lower Greensand. However, as we have no description of this thin

bed, I am somewhat inclined to regard it rather as the base of the

Gault.

Northward from Crossness the Loughton well (of which a de-

scription wiU shortly be published by the Essex Field Club) gives

little information, having been carried only to the base of the Gault

;

and the older Saifron-AValden well gives none, the Chalk Marl, the

Gault, and underlying beds having been lumped together, in the

accounts that have been preserved, as Chalk Marl, with the

impossible thickness of over 720 feet:}:.

From Chatham north-eastward we reach Harwich, at a distance

of 48 miles ; and here alone have we met with any marked irre-

gularity in the Gault, which formation is but 61 feet thick, and is

underlain by Lower Carboniferous rock. Further north the Combs
boring (Stowmarket) § and the ^N'orwich weU ||

have not bottomed
the Gault, and so give us no information as to the older beds.

I would remark, by way of caution, that, from the proved

occurrence of Jurassic clays in some of our borings, the classification

of a clay as Gault may be hardly safe, where uncorroborated either

by fossil-evidence, as I believe is the case at Ware and at Harwich,
or by the occurrence of underlying IN'eocomian beds. We have every

reason to expect the constancy of the Gault ; but we should not let

this hinder us from seeing the possibility, small though it be, of the

absence of that formation.

* See Trans. Herts Nat. Hist. Soc. vol. iii. pt. v. p. 176 (1885).

t Ihid. p. 179.

X See W. H. Penning in the ' Geological Survey Memoir,' on Sheet 47, p. 79
(1878). Also Proc. Norwich Geol. Soc. pt. 1, p. 28 (1878).

§ ' Geological Survey Memoir,' on Sheet 50 S.W. pp. 19, 20 (1881).

II
Proc. Norwich Geol. Soc. pt. 8, pp. 250, 251 (1884).
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So far all our evidence as to what underlies the Cretaceous beds

has been northward from the Yalley of the Thames ; and, indeed, we
have but one piece of evidence (besides that of the Chatham boring)

in the other direction, some way beyond the London Basin and 32
miles south of the Chatham site. This is from the Subwealden
Exploration-boring, the deepest by far in the south of England,
which, beginning in the Purbeck Beds, passed through a great

thickness of beds that are wholly unrepresented, not only in the

Chatham well, but also in all the others that have been referred to.

These beds show a regular continuous series through 180 feet of

Purbeck Beds, 60 of Portlandian, no less than 1120 of Kimeridge
Clay, and of Corallian &c. 480 feet, to Oxford Clay ; thus adding

1660 feet to the 1700 or more already shown to be wanting at

Chatham, not counting the Purbeck Beds, some 350 feet thick in

that neighbourhood, which have been already allowed for. In 32
miles we have therefore a loss of 3400 feet of beds, or a thinning

at the rate of rather more than 100 feet in a mile.

It will be seen that this result bears out the leading idea of

Mr. Topley's paper, " On the Correspondence between some Areas of

Apparent Upheaval and the Thickening of Subjacent Beds"*, in

which it is said that " perhaps the most striking and most important
example of apparent upheaval being partly due to thickening of

strata, is that afforded by the Weald." Probably, howe\'er, the

underground thinning now recorded is much more than was reckoned

on ; though Mr. Topley went a long way towards the truth in one

of the sections on his Model of the Wealdt.
I may here remark that the late Mr. S. V. "Wood, Jun., refused

to contribute to the fund for carrying on the Subwealden boring, on

the ground that he did not care to spend his money in sinking a very

deep hole in clays, which process he inferred would be the result of

the undertaking, and rightly, as the work was stopped at a depth of

1905 feet, when 65 feet deep in Oxford Clay.

As regards the general bearing of the facts that have been

described, I think that it is simply in the line pointed out in 1880
and repeated last year J, and it may be put thus, in a few words :

—

Whilst north of the Thames older rocks, as a rule, rise up beneath

the Cretaceous beds, on the south newer rocks come in between the

two, until, at our furthest point in that direction, these intermediate

formations have alone been found, to the greatest depth reached.

There is little need to remind Eellows of this Society that the

subject has but lately been brought before them in detail by Prof.

Judd §. It is, however, so important, that one need not hesitate to

go over part of the same ground again, independently.

As to the question of finding Coal Measures along the YaUey of

the Thames, it seems to me that a hopeful answer is possible, or at

* Quart. Journ. Geol. Soc. vol. xxx. p. 186 (1874).

t W. Topley and J. B. Jordan, Geological Model of the South-east of England
and part of France, including the Weald and the Bas Boulonnais (1873).

t
' Guide to the Geology of London,' ed. 2, pp. 20, 21, ed. 4, pp. 22-24.

I Quart. Journ. Geol. Soc. vol. xl. p. 724, and vol. xli. p. 523 (1884, 1885).
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least that a negative one cannot be given ; for we know not what
may he hidden under the Jurassic and possibly Triassic beds that

have been found ; and Upper Silurian, Devonian, and Lower Car-

boniferous rocks having already been found, it would be strange if

the Upper Carboniferous had been wholly swept off.

In reference to water-supply from the Lower Greensand, the

dream of many a geologist and engineer, surely there is evidence

enough to show that it is not worth any great expenditure, except

perhaps on the south of the Thames Yalley and not far from the

outcrop. This perhaps may be made more plain by the following

tabular statement of the beds found, below the Gault, in the eight

deep borings that have been referred to, the only ones in the London
Basin that give us this information. The numbers 1-4 refer to

sites along an E. and W. line (roughly), whilst the letters A-D refer

to those along the lines northward therefrom :

—

Lower Greensand {Neocomian).

L Richmond. Yery thin.

4. Chatham. Thin.

C. Ware. Trace (doubtful).

The Loughton boring may also touch this formation.

Middle Jurassic.

4. Chatham. Not bottomed.

Lower Jurassic.

1. E,ichmond. Only 10 feet below the Grault.

2. Meux's. Next below the Grault.

Trias ?

1. Richmond.
3. Crossness. Next below the Gault.

A. Kentish Town. Next below the Gault.

Carboniferous.

D. Harwich. Next below the Gault.

Devonian.

2. Meux's.
B. Cheshunt. Next below the Gault.

Upper Silurian.

C. Ware. Practically next below the Gault.

From this it follows that (so far as our slender data go) Jurassic

beds or Trias are as likely to occur either next to or not far below
the Gault as is Lower Greensand, there being three records of each,

allowing Loughton to make up for the doubt at Ware. Moreover,
the Lower Greensand, where it has occurred, is but thin. The
balance of probabilities is therefore against the occurrence of Lower
Greensand in the inner parts of the London Basin, and our evidence
is decidedly against its presence in fair thickness. This formation
may, of course, occur in many places, and in some it may be thick

;

but even then there is great chance of its being in i^atches, disconnected
with the outcrop, or with but a slight connection. If it anywhere
overlaps permeable Jurassic or Triassic beds there may be a water-
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passage between the two, and the rain that falls oa the Lower Green-
sand at its outcrop may pass into the Trias at great depths ; hut
I doubt whether this possibility adds much to the chances of getting

water from deep-seated beds.

It is to be hoped that the time is not far distant when further

underground exploration may set at rest the important question of

.

the possibility of getting coal in the South-east of England, and
that such explorations may be carried out on a systematic plan

carefully thought out beforehand, instead of being left to the chance

efforts of corporations and companies, whose only object is to get

water, in which, as a rule, less ambitious work would be more
likely to lead to success.

It may not be out of place to draw attention to the three points

of view from which an extended set of experimental deep borings

may be approached (as I suggested to the late Mr. Godwin-Austen,
when a Kentish boring was thought of some years ago).

^Firstly we have tojpograpliical considerations, nearness to tracts

where older rocks are known to occur ; and in this respect Dover is

well placed, at no very great distance from the outcrop of the

Carboniferous rocks of Northern Prance.

Then we have the question of level, it being clearly of import-

ance to begin such work at as low a level as possible : here, again,

Dover is a good site, the lower part of the town being little above

the level of the sea.

Lastly, there is the purely geological point, the beginning low
down in the series of formations ; and in this too Dover is fairly well

placed, being a long way down from the top of the Chalk. The
progress therefore of a deep boring at Dover should be watched with

much interest.

It is not meant, of course, that any one of these points should

lead us, apart from others : indeed the failure of the Subwealden
boring (as far as regards bottoming Secondary rocks) is a warning
against too restricted a view, the site of that trial being admirably

selected geologically : topographically the selection was unfortunately

limited by a county-boundary. The experiments that I should like

to see made should be cramped by no such arbitrary notion : they

should not be parochial, but national, an application of our science

to the good of our country.

E. Explanation oe the Map and Section.

The map (p. 45) is reduced from the Ordnance Index Map,
which is on the scale of 10 miles to an inch. On it are shown,

by dots, the sites of the Subwealden boring and of the eight

borings in the London Basin which have passed through the Creta-

ceous beds to Jurassic or older rocks (not including the Saffron-

Walden well with a depth of more than 1000 feet, of the bottom

720 of which no details have been kept). The relative positions

and distances of these borings can therefore be seen at a glance.

The sites have been connected by straight lines, along which are

marked the distances, in miles, between each boring and every other,
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except where that may be taken as the sum of two such distances,

from these borings being almost in a straight line ; and it is

curious that in two cases these borings are in one straight line, so

far as can be seen on a map of this small scale : these are firstly,

Richmond, Meux's, and Harwich, and secondly Ware, Crossness and
the Subwealden boring.

Shetch-Map, showing relative positions and distances of deep

borings in the London district and South-east of England. (The
numbers indicate distances in miles.)

Z^ It will be seen that the whole are enclosed in an irregular four-

sided figure, of which the sides are 27, 48, 57, and 77 miles long.

Of course the distances are not absolutely exact, but only as near as

can be measured on such a map, and near enough for our purpose.

As it may be useful to have the distances between each boring

and every other plainly before us, that information is given below in

a tabular form, from which it follows that the greatest distance

apart at which Jurassic rocks have been found in these borings is

48 miles, whilst for possible Trias the figure is 19, and for Devonian
14.
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Table showing the Distances, in miles, hetiueen the sites of
the Borings.

1

6

1
CD

e
1

4
%
1

03

S3

g

1

i
t

Chatham
Cheshunt 321

19
48
32

29i
37
32

37i

58
13
14
22?
56

6*

19

15i

57
13
11
19*

41

22

48
58
57

66
66*

75
77
57

32
13
13

66

"3

10
49
18

291
14
11
66'^

3

"9

46
20

37
22?
19*

75
10
9

48
27

32
56
41
77
49
46
48

63

37i
61

22
57
18
20
27
63

Crossness

Harwich
Kentish Town
Meux's
Richmond
Sub-Wealden
Ware

The section is made from parts of sheets 78 and 84 of the
" Horizontal Sections" of the Geological Survey, the former of which
runs across the "Weald near Goudhurst and Marden, and the Lower
Greensand tract near Maidstone, to the Chalk above Boxlev, the

latter then continuing the course down the dip-slope of the Chalk,

over the Medway, through the Tertiary tract of the Hundred of Hoo,

and over the Thames, into Essex.

The inferred positions of the bases of the Chalk and of the Gault

in those sections have been corrected, and the geology has been
carried somewhat deeper in the northern part (sheet 84) and to a

much greater depth in the southern (sheet 78), in which latter,

indeed, it had not been taken below the line of the sea-level, except

just by the junction with the other sheet.

The Subwealden boring is on an exposure of Purbeck Beds

between 5 and 6 miles eastward of the one crossed at the southern

end of the section. The Boxley-Grange well is only about half a

mile east of the section, near the Chalk escarpment. The Chatham
wells are in a part of the Medway marshes about two miles westward

of where the section crosses them. The Chattenden well is on the

Tertiary hill north of the Medway, about the same distance from

the section and on the same side of it. All these therefore have

been available in estimating the position of the beds underground.

Whilst the section is an attempt to show, in a general way, what
happens underground in the tract it crosses, of course it cannot

pretend to exactness, either as to the places where the various

thinnings-out of formations take place, or as to the manner in which
they occur. Such formations as the Corallian and the Purbeck,

being of comparatively local character, have been ended off fairly

soon, whilst the thick deposit of Kimeridge Clay may be presumed

to reach further. Again, though the various formations have been

drawn as thinning out in a gradual way, it is very likely that there
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is more irregularity, and even that there may be abrupt disappear-

ance in some cases : as, however, we don't know the exact sites of

disappearances, it would clearly be hazardous to mark any such

occurrence strongly.

Judging by the deep borings in and near London, and by the

Harwich boring, one would expect that the Oxford Clay does not

range to a great distance northward from Chatham ; and therefore,

some miles in that direction, the section has been made to agree

with what happens near London, where the Gault next overlies

beds of various ages, but all older than Oxford Clay. These beds

have been massed together.

EXPLAlfATION OF PLATE III.

The Plate has been made from the original section, which was of the scale of six

inches to a mile, horizontally and vertically, by reduction to a sixth, or an inch

to a mile, horizontally, and to a third vertically. The vertical scale, therefore,

is 2640 feet to an inch, and being only exaggerated to double the horizontal

scale, there is, practically, no distortion. The reduction has been made by
Mr. J. Gr. Goodchild, of the Geological Survey.

The horizontal scale being the same as that of the general Ordnance Map,
and the line of section being expressed on the Geological-Survey version of that

Map, it will be easy for any one possessing the latter map, and not very diflS-

cult for possessors of the former only, to follow the course of the section.

This course, and the data on which the underground range of the beds has been

shown, to great depths, have been noticed above.

Discussion.

Prof. Presiwich remarked on the great value of the communi-
cation. He agreed that there was little hope of finding water in

the Lower Greensand at great distances from the outcrop of that

formation. With respect to the finding of the Coal Measures, he
thought that somewhere in the district between the Thames, near

Chatham, and Harwich were the places where they might most pro-

bably be found. He pointed out how analogous the succession of

strata between Boulogne and the Palaeozoic rocks of the Boulonnais

was to that between the Battle boring, Chatham, and Harwich.
Mr. Etueridge said that the different borings were of very con-

siderable interest, taken in connexion with the facts previously

known.
Mr. ToPLEY pointed out that the existence of the Oxford Clay

beneath the South-east of England had been correctly inferred from
the abundance of derived Oxfordian fossils in the Lower Greensand.

He agreed with the author as to the previous under-estimatc of the

thickness of the Gault. He thought the borings lent some support

to the view that the upper part of the Folkestone Beds belongs to

the Gault rather than to the iS'eocomian.

Mr. Easton did not think the Lower Greensand aff'orded a suffi-

cient gathering-ground for water-supply. He doubted if the Coal
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Measures would be found in the South-east of England, or whether
it would be of any advantage if they were found.

Mr. Creswick felt some doubt whether the Ui^i^er Greensand was
not present as a very thin bed, only 1 ft. 6 in. thick, in the Chatham
well. He thought that the Oxford Clay might be a little thicker

than shown in the section. An ample supply of water was obtained

from the small bore first put down ; but the second and larger boring

was a complete failure ; for the supply of 115,000 gallons per day

was not increased in the well. The temperature of the water at

Chatham showed a rise of 1° Pahr. for every 57| feet of descent,

after allowing for the mean aunual temperature. The water over-

flowed in a stand-pipe at the height of 19 ft. from the surface.

The Author said that Mr. Daltoni had just told him of the

magnetization of the boring-tubes at the Scarle boring. The bottom
bed of the Chalk often contains green sand, so as to have been

classed as Upper Greensand.
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6. On the Gabbros, Dolerites, and Basalts, of Tertiary Age, in

Scotland and Ireland. By Professor John W. Jfdd, F.E.S.,

Sec. G.S. (Read December 16, 1885.)

[Plates IV.-VII.]
I. Introduction.

II. Geographical Distribution.

III. Geological Age.
IV. ^Nomenclature of the Rocks.
V. Minerals of which the Rocks are composed.

VI. Proportions of the several Minerals in the Rocks.
VII. Structures of the Rocks.

VIII. Geological Relations of the Rocks exhibiting the several Structures.

IX. Origin of the Structui'es.

X. Principles which have governed the Crystallization of the Rocks.
XI. Alterations which the Rocks hare undergone.

§ 1. Action of surrounding Magma upon Crystals.

§ 2. Action of Solvents under Pressure (Schillerization).

§ 3. Action of Steam and other Gases at the Surface.

§ 4. Action of Atmospheric Agents (Weathering).

§ 5. Effects of Crushing Movements in Rock-masses.

XII. Summary of Results.

I. Introdijction.

Among igneous rocks of every variety of chemical composition, the

most highly crystalline types appear to have been formed in those

cases only where the liquid magmas have cooled down with extreme
slowness and under enormous pressure. Such conditions of slow
cooling and great pressure it would seem must have existed when
the rock has consolidated at great depths within the earth's crust

;

and hence it follows that the highly crystalline rocks now seen at

the surface have been exposed through the removal, by denudation,

of the vast deposits which originally overlay them.

Bearing these principles in mind, it is not difficult to find an ex-
planation of the undoubted fact that the igneous rocks of Tertiary

and recent date, as a general rule, exhibit far less perfectly crystal-

line characters than those which belong to the older geological

periods. Cceteris paribus, the older a deep-seated igneous rock is,

the greater will be the chance of its being exposed at the surface,

through the removal by denudation of the mass of materials under
which it was originally formed.

Further than this, it must be remembered, as Allport and others

have so well shown, that the older a rock-mass, the greater is the
probability that its constituent minerals will have undergone alter-

ation, from the action of those chemical forces which are everywhere
at work within the earth's crust. In this way the aspect, the

structure, and even the mineralogical constitution of a rock may be
so completely changed that its real relations with the unaltered

type may easily escape recognition.

Now as the result of the more common occurrence of the crystalline

Q.J.G.S. No. 165. B
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types among them, and of the changeswhich their constituent minerals

have so frequently undergone, the older igneous rocks often, hut by no

means uniformly, present well-marked and sometimes very striking

differences from those of younger date. These are the facts which
have given rise to the opinion, now so widely accepted upon the

continent, that there is a fundamental distinction between the cha-

racters of the rocks erupted during the Tertiary periods and those

of rocks formed daring earlier epochs of the earth's history.

That the differences which are ' usually relied upon for the

distinction between the Tertiary and older igneous rock-masses are

of the accidental kind to which I have been alluding, I think there

cannot be the smallest doubt. But, on the other hand, there are

strong a priori grounds for the inference that certain petrographic

types may be characteristic of particular geological periods ; and
there are not wanting positive observations in support of the same
conclusion. The refusal to recognize the real analogies which un-

doubtedly exist between the older and younger igneous rocks has not

been an assistance, but rather a hindrance, to the study of comparative

and stratigraphical petrography. The palaeontologist does not in-

validate the teachings of the stratigraphical geologist by admitting

that Ceratodus, originally found in the Trias^ is still a living genus

;

and the petrographer would do wisely to follow the biologist in

basing bis nomenclature and classification on purely morphological

characters, without reference to the distribution of the objects of

his study in space or time. If a palaeontologist were to discover a

fossil in Tertiary strata, presenting all the characters which he

accepts as distinctive of Ammonites, he would unhesitatingly refer

it to that group ; but many petrographers, when shown a Tertiary rock

presenting all the characters which are admitted to be distinctive of

a gabbro, steadfastly refuse to call it by that name.

In the year 1874 I was able to demonstrate by a careful study of

the district of the Western Isles of Scotland, that rocks which had

been shown by so eminent a petrographer as Professor Zirkel to be

very typical " olivine-gabbros," are really of Tertiaryage, and that they

graduate into less perfectly crystalline rocks, to which the name of

dolerites may be conveniently applied ; these dolerites, in turn,

passing insensibly into basalts, which, where suddenly cooled, as-

sume the form of tachylyte or basalt-glass. A study of the acid

rocks of the same region showed that an equally insensible grada-

tion could be found from granite, through quartz-felsite and rhyo-

lite, into obsidian*. It was therefore insisted upon that the differences

between gabbro and tachj^te on the one hand, and between granite

and obsidian on the other, are not to be accounted for by a differ-

ence of geological age, but are a consequence of the diverse condi-

tions under which the rocks had consolidated.

•^ Quart. Jotirn. Geol. Soc. vol. xxx. (1874), pp. 220-303. In employing the

names " felsite" and " Mstone " in this paper, I followed an old.English usage

of terms. As the rocks in qviestion are, in all their fundamental characters, iden-

tical with quartz-felsite ("quartz-porphyr ") and rhyolite, it would, I think,

be wiser in the future to employ those terms for them. These rocks, as I shall

hereafter show, are associated with others of less pronounced acid type.
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Two years later, a study of the district of Schemnitz, in Hungary,

enabled me to prove that what is true of the more basic and acid

types of rock, respectively, is equally true of the rocks which have

an intermediate composition (" roches neutres " of the French geolo-

gists). I showed that in Hungary, rocks which were commonly
spoken of as " syenites " and " granites "—but which really belong

to the diorites and quartz-diorites—are not only of Tertiary age, but

graduate insensibly through the so-called "propylites" and "green-

stone-trachytes" into the andesites and quartz-andesites, which

sometimes assume a perfectly vitreous condition*.

These conclusions concerning the acid, the intermediate, and the

basic classes of rocks, respectively, were arrived at mainly by the

study of the rocks in the field ; but the observations were confirmed,

controlled, and checked at every point by the examination of trans-

parent sections of the rocks with the microscope.

Although these conclusions have met with a very general accei)t-

ance among my fellow-workers in this country, it would be idle to

conceal from myself the fact that they have found but little favour

among the petrographers of Europe t. In spite of the support

which the views I have advocated have received from Professor

SiissJ and Dr. Reyer§, of Tienna, and from Dr. H. H. Reuschj],

of Christiania, the absolute distinction in age between the highly

plutonic and the volcanic types of igneous rocks has been maintained

and strongly insisted upon in nearly all the valuable petrographical

treatises and monographs which have appeared in Germany and

France since the date of the publication of those papers. Such

being the case, I have felt it to be my duty to carefully review

* Quart. Journ. Geol. Soc. vol. xxxii. (1876), pp. 292-82-!-. See also ' Vol-

canoes : what they are and what they teach ' (1880), pp. 198-200.

t In the year 1876, Professor Zirkel met my contention with respect to the

propyhtes or " greenstone-trachytes" of the older authors, by endeavouring to

show' that constant and recognizable differences existed between those i-ocks when
compared with the diorites on the one hand, and the andesites on the other

(U. S. Geol. Expl. of 40th Parallel, vol. vi. pp. Ill, 112). These views were to

some extent also supported by Professor Vom Eath. But, on the other hand,

Dolter, in 1879 (Verhandl. der k. k. Reiehsanstalt, 1879, p. 27), felt compelled to

adunt that rocks certaiuly occur in which the supposed distinction failed to

apply; and Szabo has also argued against propyhte being regarded as a distinct

rock-species (Yerhandl. der k. k. Reichsanstalt, 1879, p. 18 &c.). The same
view was maintained with respect to the American "propylites" by Dr.

Wadsworth in 1879 (Bull. Mus. Comp. Zool. Camb. Mass. vol. v. p. 285) and
1881 (Proc. Bosfc. Soc. Nat. Hist. vol. xxi. p. 2), and with regard to the Hungarian
ones by Dr. Koch, of Klausenburg, in 1880 (Verhandl. der k. k. Reichsanstalt,

1880). Most of the geologists of the United States Geological Survey, had fol-

lowed Richthofen and Zirkel in regarding propylite as a distinct rock-species,

which was erupted at a definite geological period : but in 1882 Mr. G. F. Becker

was able to announce the results which he had arrived at by long and careful

study in the field and in the laboratory. His conclusion was that the rocks in

question have no real claim to be ranked as a distinct rock-species, but are really

members of the diorite-andesite series (U. S. Geol. Survey, Monograph III.,

Geologv of the Comstock Lode).

X
Anthtz der Erde (1883), pp. 204-206.

§ Beitrag zur Fisik der Eruplionen und der Eruptivgesteinc (1877) p. 135 &c.

11
H. H. Reusch, 'Ueber Vulkanismus' (Berlin, 1883).

e2
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the evidence upon which I relied in arriving at my former conclu-

sions, with the aid of those important methods which in recent

years have been introduced into petrographical research through the

labours of crystallographers and chemists.

Although the present memoir has been somewhat delayed in its

appearance by the necessity for considering and weighing the vast

amount of evidence which has been adduced upon the other side of

the question, by authorities whose position demanded the most careful

consideration of their views, yet I venture to hope that the delay has

enabled me to treat the question with greater thoroughness than
would have been possible if I had written at an earher date. The
present paper forms a sequel to that which I published last year on
the intimately associated peridotites of the same district.

The views which I enunciated in 1874 and ]876 have recently

met with the strongest support from the observations recorded by
Messrs. Arnold Hague and J. P. Iddings, of the U. S. Geological

Survey. In their very remarkable monograph '' On the Development
of Crystallization in the Igneous Eocks of Washoe, ISTevada, with Notes

on the Geology of the District"*, they state that a careful micro-

scopic study of the extensive series of rocks collected by the survey

during the mapping of the district around the celebrated Comstock
Lode, has led them to the conclusion that the most highly crystal-

line rocks of the district are—like the associated andesite and other

lavas—of Tertiary age ; and they further show that highly crystal-

line varieties, like quartz-porphyry, quartz-diorite, diorite, and dia-

base, graduate respectively into rhyelite, dacite, andesite, and basalt.

The great interest of this investigation, and that which consti-

tutes its chief novelty, arises from the fact that the specimens upon
which the conclusions are based were obtained from artificial

excavations—the great Sutro Tunnel and deep shafts made for

mining-purposes around the Comstock Lode—while my own ob-

servations were made on specimens derived from rock-masses laid

bare by the natural agents of denudation.

In no class of igneous rocks does the apparent distinction between

the older and younger types come out more strikingly than in those

of hasic composition. This is due to the circumstance that the

minerals of which these rocks are composed are, as a rule, less stable,

and therefore more liable to be converted into pseudomorphs, than

the minerals of either the acid or the intermediate class of rocks.

In the case of these basic rocks it is of especial importance to distin-

guish between the original minerals and those which are secondary.

Now the Scottish representives of the basic class of igneous rocks

are of especial interest to the petrologist on two distinct grounds.

In the first place we are able, as I have shown, to determine from

their present positions the approximate depth from the surface, and

the other conditions under which the several varieties must have

consolidated ; and, secondly, although they do not present us with ex-

amples of all the extreme results of alteration in the minerals of which

they are composed, they exhibit the incipient stages of most of these

* Bulletin of the U. S. Geological Survey, No. 17 (1885).
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changes ; and from such we may often learn more of the nature and
mode of operation of the processes by which the changes were
brought about, than from a study of the final products of the

alteration. I have already discussed in my paper on the closely

associated peridotites * of the district, the nature and causes of some
of the mineral metamorphoses to which I refer ; and the present

paper is to a great extent a continuation of that already published.

II. Geographical Distribution.

The rocks which I now propose to describe in detail cover con-

siderable tracts in the Inner Hebrides and the adjoining mainland

of Scotland, extending to the southward over the north-eastern

part of Ireland. Eocks with identical characters again make their

appearance, however, to the northward, in the Faroe Isles, and in

Iceland—in the last-mentioned island covering very large areas.

The admirable descriptions of the Icelandic basic rocks which

have been given by many geologists, among whom may be mentioned

Krug von Xidda, Sartorius von "Waltershausen, Professor Zirkel, and

especially M. 11. Bre'on t, enable us to show the remarkable similarity

in characters which exists between the basalts of Iceland and the Faroe

Isles on the one hand, and those of Scotland and Ireland on the other.

Xor are the more highly crystalline forms, approximating in character

to our dolerites and gabbros, altogether wanting in Iceland, though

they are as yet imperfectly known. Such highly crj^stalline rocks occur

in ejected blocks, and also forming isolated peaks, as at Baula. The
occurrence of these peaks of crystalline basic rocks has been inter-

preted as necessarily implying the existence of a series of pre-Tertiary

igneous rocks, around which the later volcanic masses have accu-

mulated ; but the examples in the British Isles may well suggest

a doubt as to the correctness of this explanation of their mode of

occurrence. The tracing-out of the relations of the different igneous

rock-masses in Iceland is rendered difiiciilt, not only by the existence

of permanent snow-fields and by the inaccessibility of large portions

of the island, but also by the covering of volcanic products resulting

from recent eruptions. There has not been, as in the British Isles,

a long cessation of accumulation which would permit of the un-

covering of the deep-seated plutouic masses by denudation. My
comparison of the British and Icelandic types of rock has been

greatly facilitated by the gifts of a number of Icelandic specimens

from friends who have travelled in different parts of that island

;

among these I have especially to mention my obligations to Professor

John Milne, Mr. W. Watts, and Mr. J. Starkie Gardner.

The more carefully we study the British and Icelandic types of

Tertiary basic rocks, the more forcibly are we struck with their

essential identity in character. Not only do certain peculiarities, to

be hereafter noticed, again and again recur in the rocks of both

areas, but if we compare them with rocks of the same age and of

* Quart. Journ. Geol. Soc. toI. xli. (1885) pp. 354-418.
t Notes pour servir a I'etude de la Geologie de I'lslande et des lies Foeroe

par R. Breon (Paris, 1884).
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similar composition in other districts, such as the Auvergne, Bohemia,
or Italy, we shall find that there are groups of characters in the

rocks of each of these areas which are highly distinctive.

These facts point to two important conclusions. The first is

that there are distinct petrograjjJiical provinces, within which the

rocks erupted during any particular geological period present

certain well-marked peculiarities in mineralogical composition and
microscopical structure, serving at once to distinguish them from

the rocks belonging to the same general group, which were simul-

taneously erupted in other petrographical provinces. The second

conclusion is that Antrim, the Inner Hebrides, the Faroe Isles, and
Iceland were, during the Tertiary period, included in the same petro-

graphical previa ce*.

This petrographical province was one of vast extent. Prom Iceland,

which covers an area of nearly 40,000 square miles, the Faroe Isles

lie 250 miles to the south-east ; while the St. Kilda group, an extreme
outlier of the British Archipelago, lies another 250 miles still further

to the south. Although I have not been able to visit the last-men-

tioned remote group of islands myself, the clear descriptions of Dr.

MaccuUoch leave no doubt as to the remarkable identity in the

character of its rocks with those of Skye, Ardnamurchan, and Mull.

Mr. Alexander Ross, of Inverness, who has visited the islands,

rendered me the greatest service by kindly supplying me with an
interesting series of photographs and specimens. The former show
that the characteristic modes of weathering of the acid and basic

rocks so admirably exhibited in the Inner Hebrides are there exactly

repeated ; and the latter enable me to prove that the gabbros,

dolerites, basalts, quartz-diorites, and granites of St. Kilda present

precisely the same features as are found in the corresponding rocks

of Mull and the other volcanic centres.

More than 100 miles to the south-east of the St. Kilda group, we
find another, and perhaps the largest, centre of eruption in the dis-

trict, the portions of the mass of erupted matter which have escaped

destruction by denudation, forming the greater part of Skye, liaasay,

and the adjoining islands. The Shiant Isles constitute perhaps only

an outlying member of this group.

South of this centre of eruption, at a distance of less than 20
miles, is a third, the materials thrown out from which constitute

the gronp known as the Small Isles (Eum, Cauna, Eigg, and Muck).

* I have elsewhere pointed out (' Volcanoes : what they are and what they

teach' (1880), p. 202) the family hkeness which is found to exist between the

different classes of lava erupted within a certain area during a given geological

period, and their marked distinctness from those of other areas or other periods.

JSTowhe-re do we find tJiis more admirably exemplified than in Bohemia and
Hungary, where volcanic outbu.rsts were taking place during a great part of the

Tertiary period. While in the former district phonolites and tephrites, with
nepheline- and leucite-basalts, were being erupted^ in the latter none of these

lavas made their appearance, their place being taken by andesites and quartz-

andesites, rhyolites and felspar-basalts. In precisely the same way the several

varieties of the igneous rocks of the Brito-Icelandic petrographical province

are seen to exhibit the most striking resemblances to one another, while they

show very well-marked differences from those of other areas.
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Twenty miles east-south-east is a fourth centre of eruption lying in the

peninsula of Ardnamurcban. Still further in the same direction, at

the distance of another 20 miles, is the fifth centre, from which the

volcanic masses of Mull and Morvern with the adjoining islands

were erupted.

Now in the midst of each of these five areas we find, as I have

already shown, representatives of the most highly crystalline basic

rocks (gabbros), which are seen, when traced towards the peripheral

portions of the area, graduating insensibly into dolerites, basalts,

and finally into basalt-glass or tachylyte. What is more, the masses

of gabbro and dolerite are found to be intrusive in other masses of

more acid types of rock—granite, quartz-diorite, and diorite—which
are also seen to graduate into the volcanic types known as rhyolites,

dacites, and andesites. The whole of these more acid rocks, though
older than the basic series, are still of post-Cretaceous age.

Those who would insist that the highly crystalline rocks—granites,

diorites, and gabbros—are necessarily of pre-Tertiary age, and that

the appearances presented in the "Western Isles of Scotland may be

accounted for by suj^posing Tertiary lavas to have accumulated

above and around older highly crystalline rock-masses, are confronted

b)' the startling fact that at no less than jive distinct and ^9(?r/gci%

isolated centres, we have the same remarkable collocation of crystal-

line rocks with lavas of identical composition. But as a matter of

fact, as I have already shown, the transition of the most highly

crystalline types of the several rocks into less crystalline, thence into

true lavas, aud finally into vitreous types, is alike manifested whether

we study the rocks in the field or in the laboratory.

There is reason for believing that in Arran, 70 miles east-south-

east of Mull, we have another centre of Tertiary eruption for rocks

mostly of acid types. Fifty miles south-west of Arran we find the

great basaltic plateaux of the north-east of Ireland. This is the

largest of these areas of Tertiary volcanic rocks, except that of Ice-

land ; but the structure of the igneous masses is not so admirabl)'

exposed by denudation as is the case with the Scottish examples.

The fine coast-sections, it is true, exhibit many intrusive masses,

like those of Poi-trush and Fair Head, which I have carefully studied

;

while other highly crystalline rocks are said to be exposed more or

less clearly in the interior of the district.

Southward of the great basaltic plateaux of Antrim, however, we
find in the Carlingford district another great centre of eruption both

for the acid and basic rocks of this period. Here denudation has

exposed the deep-seated masses in the same manner as in the

Western Isles of Scotland, and the correspondence of the rocks of

the two areas in all their essential characters is most striking.

Although no igneous masses which are certainly of Tertiary age

are found further to the south than the Carlingford district, yet a

great plexus of dykes, more or less distinctly connected with those

great centres of eruption, can be traced all over the West of Scotland

and the northern parts of England and Ireland.

The great band of Tertiary eruptive rocks which we are con si-
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dering is thus seen to extend, from north to south, over a distance

of 700 miles, or ten degrees of latitude.

III. Geological Age.

There is one question which lies at the very foundation of my
arguments on this subject, that, namely, of the true geological age

of the rocks, and this question must therefore be dealt with at the

outset. Is it established beyond all possible doubt that the rocks

were really erupted in Tertiary times? As there still appear to

prevail unfortunate misconceptions on this point, and some con-

tinental geologists have given extensive currency to the opposite view,

it may be necessary to recapitulate, as briefly as possible, the evi-

dence upon the subject—evidence which I hold to be absolutely

conclusive.

Dr. MaccuUoch, in 1819, clearly showed that the basalts of the

Western Isles of Scotland are most intimately associated with the

rocks we now designate as " gabbros " ; he characterized the whole of

these " trap rocks " as an overlying formation, which was proved to

be of later date than all the Secondary strata of the district, not

only by the fact that it rests on these latter, but by its sending off

numerous apophyses which penetrate and alter them. He went
further than this and insisted, as the result of his studies, that the

period of the eruption of the whole of the igneous masses was sepa-

rated from that of the deposition of the Secondary strata by a great

interval*. Murchison subsequently showed that the Secondary

strata referred to by Macculloch include various members of the

Lias and Oolite ; he even thought that he had detected representa-

tives of the Wealden, but these have since been shown to be of

Oxfordian agef.

In 1851, Professor Edward Porbes announced that the plant-

remains of Ardtun which had been found by the Duke of Argyll

in deposits interbedded with the basalts of Mull, are of Tertiary

aget. Shortly afterwards, he was able to correct Murchison's

identification of certain beds in Trotternish, in Skye, with the

Wealden § ; but in doing so, he suggested the possible contem-

poraneity of the basaltic rocks of that area with the Jurassic

deposits so intimately associated with them, illustrating these views

by a diagrammatic section. It must be remembered, however,

that Edward Eorbes, as he himself tells us, had no opportunity of

studying the relations of these rocks beyond that afforded by a short

yachting cruise, and that he expressly cautions his readers against

accepting his conclusion as being anything more than a suggestion.

He writes as follows :

—

" Another view may be taken, however, of the origin of the

basaltic sheet intervening between the Upper and Middle Oolites in

Skye, one which would seriously affect the preceding estimate of its

* Western Isles of Scotland (1819), vol. ii. p. 67, &e.

t Trans. Geol. Soc. 2nd ser. vol. ii. p. 292, and ibid. p. 353.

X Quart. Journ. GeoL Soc. vol. vii. (1851), p. 103.

§ Ibid. pp. 101-117.
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date. It may be regarded as intruded trap, insinuated between
superior and inferior strata at an epoch long posterior to that of the

deposition of the former. A minuter investigation of the geological

phenomena of the north and west of Skye than has yet been made
will probably determine which view is the right one beyond ques-

tion. But in the present state of the evidence, I incline to regard

the basalt as contemporaneous with the Oolites, and as of the definite

date which its position in sequence of beds seems to indicate " *.

In 1860, Dr. A. Geikie adopted the suggestion of Forbes with
respect to the Jurassic age of a portion of the volcanic rocks of the

West of Scotland f ; but he also guarded himself, as Forbes had done
before him, and admitted that there was doubt whether the igneous

masses associated with the Oolites are not intrusive rather than

interbedded.

But in 1867 J, Dr. A. Geikie fully withdrew this suggestion as to

the Jurassic age of the Hebridean igneous rocks, so far as Mull and
the adjoining islands were concerned, and in this and subsequent pub-

lications §, returned to the views which had always been maintained

by Macculloch, namely, that the whole of the igneous masses are of

later date than the Secondary strata, and that, wherever associated

intimately with these latter, they constitute intrusive sheets and
dykes. He also added some interesting observations in support of

the view that these igneous rocks are of Tertiary age, the chief

among .them being that there exist river-gravels made up of chalk-

flints interbedded with the basalts at Carsaig in Mull.

Now it is a most unfortunate circumstance that some continental

geologists have adopted the suggestion of the late Professor E. Forbes,

and of Dr. A. Geikie, without noticing their reservations ; while they

appear to have altogether overlooked the fact of the complete aban-

donment of the hypothesis of the Jurassic age of these igneous

rocks by the latter author.

In 1871, Dr. Zirkel published his '• Geological Sketches of the

West Coast of Scotland," in which he gives a section of Trotternish,

in Skye, based on the erroneous one of Edward Forbes
||

; he does

not appear to have been acquainted with the earlier and correct

views enunciated by Macculloch, nor of the acceptance of those

views in the end by Dr. A. Geikie. This misleading section has

unfortunately been copied into the different editions of Dr. Credner's

admirable and widely known 'Elemente der Geologic,' and its French
translation.

During my own survey of the Secondary rocks of the west
coast of Scotland, I was able to show that not only are Jurassic

rocks represented in that area, but that we find important deposits

* Loc. cit. p. 109.

t Trans. Eoy. Soc. Ediub. vol. xxii. ; see also ' Scenery and Geology of

Scotland ' (1865).

\ Proc. Eoy. Soc. Edinb. vol. vi. pp. 71-75.

§ Brit. Assoc. Eep. 1867. Address to Geological Section, p. 52- Quart.
Journ. Geol. Soc. vol. xxvii. (1871) pp. 279-310.

II
Zeitscbr. d. d. Geol. Gesell. vol. xxiii. (1871), Taf. iv. f. 13.
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of the age of the Upper Greensand and the Chalk. It was proved

that these Cretaceous rocks, which include strata younger than the

zone of Belemnitella mucronata, are overlain unconformably by the

great sheets of basaltic rock*.

In the north of Ireland the proofs of the Tertiary age of these

igneous rocks is equall}' clear and convincing. Everywhere they

are seen overlying the eroded surfaces of the " white limestone

"

(Chalk), which includes beds certainly as high in the series as the

zone of Belemnitella mucronata. They contain, moreover, inter-

bedded deposits like those of Mull, which have yielded numerous
remains of a Tertiary flora.

With respect to the exact portion of the Tertiary period to which
the plants obtained from the strata intercalated with the basalts of

Scotland and Ireland should be referred, some misconception seems

to have existed ; but we may confidently hope that the persevering

researches which are now being undertaken by Mr. J. Starkie

Gardner will throw much new light upon this interesting question.

It has beeii shown, by both Dr. A. Geikie and myself, that the

great basaltic plateaux are broken through by intrusive masses of

still later datef. I have found no evidence of any volcanic out-

bursts having taken place in the British area at anj^thing approach-

ing to recent times. In Iceland, however, where the general mass
of the strata, judging from the plant-remains and other fossils

contained in interbedded strata, must be of Tertiary age, the volcanic

action has continued on a grand scale down to the present time,

though there are not wanting evidences that this volcanic action

may now be approaching the stage of final extinction.

The facts which I have now passed in review warrant the assertion

that the igiteous masses of this Brito-Icelandic petrographical

province—from the most acid to the most basic in composition, and

including representatives of every variety of structure, from the

most highly crystalline to perfectly vitreous types—are all of post-

Cretaceous age, and must have been erupted during different portions

of the Tertiary epoch, coming in some cases quite down to recent

times.

IV. IS'oMElSrCLATUEE OF THE EoCKS.

There is fortunately no difference of opinion among petrographers

as to the name which should be applied to the imperfectly crys-

tallized types of the rocks we are considering ; all authors are

agreed that they should be referred to the " basalts." The great

mass of the lava-streams that have built up the plateaux of Antrim

and the "Western Isles of Scotland belong to the felspar- or plagio-

clase-basalts ;
* and, as I shall show in the sequel, to the same type

of those rocks which is so largely represented in Iceland. As in

Iceland, too, the successive outflows of basaltic lavas were occasionally

* Quart. Journ. Geol. Soe. vol. xxxiv. (1878) pp. 728-737.

t Ibid. vol. xxvii. (1871) p. 294 ; ihid, vol. xxx. (1874) pp. 260-267.
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interrupted by the ejection of streams of augite-andesite lava of a pecu-

liar type ; but in both these districts such lavas are of comparatively

rare and even exceptional occurrence. There is, in fact, a remarkable

uniformity in the chemical composition of the basic rocks of the whole

district, from Iceland in the north to Ireland in the south. But

while some of the rocks are remarkably fresh and unaltered, others

are converted into amygdaloidal varieties, some of which are nndis-

tinguishable from the so-called melaphyres, basaltites, and palatinites

of the older geological periods. Nowhere do we find more striking

evidence than in the Scottish Isles that the degree of alteration in

an igneous rock is not an infallible criterion of its geological age.

It may be interesting to recall the circumstance that certain

rocks, once confounded with the basalts of this district, were for

a long time adduced as affording the most striking evidence of

the truth of the AYernerian doctrine of the origin of basalt by
'^ aqueous precipitation." It is almost needless to remark that the

so-called " basalt containing ^m))?ou{^^s " of Portrush, Co. Antrim, is

nothing but a Lias shale altered by contact with the dolerites and

basalts, which have been intruded into it. The temporary interest

which was aroused with respect to these rocks, when the fossils were

supposed to be actually imbedded in the basalts, has, of course, alto-

gether subsided, now that the true relations of the igneous and

aqueous masses are better understood.

In the Tertiary basalts of the British area, as in those of Iceland,

we find every variety, from forms which are nearly holocrystalline

and contain only a minute proportion of glassy residuum between

the crystals, to others in which the great mass of the rock exists as

a ground-mass or imperfectly crystallized base (magma-basalts). In
both areas tachylytes or perfectly vitreous forms of the basalt are

found, which are sometimes porphyritic, but they appear to be only

rare and exceptional occurrences, which can in every case be accounted

for by the abnormally rapid rate of the cooling of the rocks*.

But when we turn to the consideration of the holocrystalline types

of these rocks, greater diversity of opinion as to their proper nomen-
clature is found to exist. As I have shown in my previous paper f,

the misconception as to the true nature of the pyroxenic constituent

of the rocks has led to much of the confusion ; but in 1871 Professor

Zirkel showed that the pyroxene in question is undoubtedly diallage,

and that the rocks present all the characters which petrographcrs agree

to be distinctive of the " olivine-gabbros." Professor Zirkel made a

careful microscopical study of a series of specimens from Mull, and of

another series from Skye. He showed that in both districts the rocks

are made up of perfectly crystallized plagioclase felspar, diallage, and
olivine, the whole of the minerals abounding with fluid-cavities.

He further pointed out tliat the olivine of these rocks exhibits the

characteristic structure of the olivine of gabbros, a structure which

he had never found in that mineral as it occurs in basalts.

Professor Zirkel insisted, and rightly insisted, that as these rocks

* See Quart. Jourii, Geol. Soc. vol. xxxix. (1883) pp. 444-465.

t Ibid. vol. xli. (1885) p. 357.
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exhibit all the characters which petrographers have agreed to be
distinctive of gabbros, they ought to be called by that name and
no other*.

The determination of these rocks made by Professor Zirkel in 1871
was verystrongly supported by the researches of Professor von Lasaulx
in 1878 1. This author's observations were made upon a series of

specimens from the Carlingford Mountains. He pointed out that

these rocks have the closest analogy with the olivine-gabbros of

Mull and Skye ; that, like those rocks, they contain plagioclase

felspar (anorthite or a variety approaching that species), diallage,

and olivine, with some magnetite of secondary origin. Professor von
Lasaulx also found that the minerals of the Carlingford rock contain

both liquid and solid enclosures.

Both Professor Zirkel and Professor von Lasaulx are agreed that

the characters of these rocks are those of true gabbros, and they

insist on their exact similarity in mineralogical constitution and
microscopic structure with typical gabbros, like those of Silesia,

jSTorway, and Northern Italy. It is, I think, certain that, had not

the Tertiary age of these rocks been demonstrated, no petrographer

would have dreamed of removing them from the class of the

gabbros.

In the year 1877 Professor Eosenbusch published his very valuable

work, ' Mikroskopische Physiographic der massigen Gesteine,' in

which he unfortunately assumed that fundamental distinctions exist

between the igneous rocks which were erupted before the Tertiary

period and those which have made their appearance since the com-
mencement of that epoch. Referring to these and similar rocks,

he writes :
—" If we carry out consistently the nomenclature em-

ployed in this book, then Zirkel's designation of the Hebridean rocks

as gabbros is incorrect. These rocks would bear the same relation

to basalt as olivine-gabbro to olivine-diabase, and would therefore

have to be characterized as diallage-basalts of granular structure "J.
The Prench geologists have, on the other hand, proposed to restrict

the term gabbro to the older crystalline basic rocks, and for the

similar rocks of more modern date to employ Haiiy's name " eupho-

tide." But M. de La^Dparent, in applying this name to the rocks of

Skye and Mull as well as to those of Liguria, makes the express

admission that " there are modern euphotides which are not distin-

guished in any way from the ancient gabbros " §.

The geologists and petrologists of this country have always

refused to recognize the geological age of a rock as a character upon
which its classificatory position and nomenclature ought to be based.

They regard such a proceeding as both inexpedient and impracticable

—inexpedient, inasmuch as it prejudges the question of the distri-

bution of rocks in time ; and impracticable, in that there are many
eruptive rock-masses of which it is quite impossible to determine the

geological age.

* Zeitschr. d. d. G-eol. Gesell. xxiii. (1871) pp. 58 & 93.

t Tschermak's Min. und Petr. Mittb. vol. i. (1878) pp. 426-433.

X Loc. cit. p. 476. § Traite de Geologie, 2^^ ed. (1885) p. 634.
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It will be seen, then, that these Hebridean rocks have come to

occupy a crucial position in the controversy which has arisen con-

cerning the classification and nomenclature of igneous rock-masses.

If they are truly gabbros, as maintained by Zirkel, Yon Lasaulx, and

the geologists of this country generally, then it must be admitted

that the principle of the classification of rocks by their geological

age, having been found inapplicable in this case, has received a

severe, and, indeed, a fatal shock.

Those who advocate a purely mineralogical classification of rocks

have always insisted that the characteristic mineral of gabbro is the

diallage. But so long ago as 1862 it was shown by Strong that in

many of the gabbros of the Harz we find the diallage replaced by
ordinary augite *. In following Zirkel's classification of the Scottish

rocks as gabbros, in 1874, I pointed out that the pyroxene was
sometimes in the form of true augite and sometimes occurred as

diallage t. The same mutual replacement of augite and diallage I

have found to occur in all gabbros which 1 have examined, in which
the alteration of the rock had not gone so far as to mask the true

character of the pyroxenic constituent. In my paper on the peri-

dotites it is shown that the diallage of the Scottish rock has in all

cases been produced from ordinary augite by the process for which
the name of " schillerization " is proposed.

By some authors the sole distinction which has been made between
the gabbros and the diabases has been that the former contain

diallage and the latter ordinary augite. Hence it may be argued

that if the distinction between these two mineral varieties be given

up as a basis of rock-classification, the name of diabase has as good

a right to be adopted as that of gabbro. But against this contention

I would point out that the use of the old Italian name of " gabbro "

for the class of rocks in question was proposed by Yon Buch s^s, long

ago as 1810 J ; that from the first it seems to have been applied to

highly crystalline rocks, as indicated by the synonyms " granitone "

and " granite di gabbro ;" and that its use in that sense is now
almost universal, not only in this country, but in Germany, France,

Italy, and North America. The term " diabase," on the other hand,

though originally proposed by Alexander Brongniart, was only

restricted to pyroxenic rocks by Hausmann in 1814 § ; many authors

too, down to quite recent times, have employed " diabase " as a

name for rocks which are not perfectly holocrystalline, but contain

a considerable proportion of unindividualizcd ground-mass. If, then,

it becomes a question between the use of the terms gabbro and
diabase for the highly crystalline representatives of the basic scries

of rocks, I think there cannot be the slightest doubt that the verdict

should be given in favour of gabbro, both on the ground of XDriority

and on that of the consistent use of the term by authors in the

past.

* Neues Jabrb. fiir Min. &c. 1862, p. 943.
t Quart. Jouni. Geol. Soc. vol xxx. (1874) p. 237.

t Magaz. der Ges. naturf. Freunde zu Berlin, aoI iv. p. 128.

§ * Ueber die Bildung des Harzgebirges.'
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It has been usual among petrograpbers to divide the gabbros into

two classes, the " olivine-gabbros " and the " olivine-free gabbros."

But I have shown that in most cases where olivine is thought to be

absent from these rocks, it has really been altered into magnetite or

serpentine*. I believe that all the gal3bros in their unaltered con-

dition contained olivine, though in very varying proportions ; and

that in the few cases where we find a rock of this class in which
olivine is not represented as an original constituent it should be

classed with the eucrites. Such being the case, I do not think it

desirable to perpetuate the name of " olivine-gabbros."

As I shall show in the sequel, the characters of the most highly

crystalline of the Scottish and Irish basic rocks are exactly those of

the rocks which have been universally classed by geologists as gab-

bros. Between these and the basalts, however, we find a number of

other types which completely bridge over the interval between them.

It would be a strain on the accepted definitions of these two classes

of rocks to include all these rocks with intermediate types of struc-

ture either in the one or the other group. Consequently I have

employed for them Haiiy's name of " dolerite."

In using this term I have to admit the impossibility of suggesting

any precise definition of it . B ut this follows as a natural consequence

—

and constitutes, indeed, the strongest confirmation of the conclusion

upon which I have alwa}'s so strongly insisted—that when the micro-

scopic textures of the rocks are carefully studied, the gabbros are

found graduating insensibly into dolerites, the dolerites into basalts,

and the basalts into taehylytes.

As a matter of convenience it may, perhaps, be desirable in practice

to apply the term basalt to such rocks only as contain some remains

of a vitreous base or ground-mass, and the term gabbro to those

which present the most distinct " granitic " structure, the felspar

crystallizing in broad plates, the spaces between which are filled by

the crystalline substance of the pyroxene and the olivine.

Eestricted in this way, the term dolerite would be given to those

holocrystalline basic rocks in which the felspar appears in section

as an entangled mass of lath-shaped crystals, while the augite and

olivine occur either in definite crystals or rounded grains.

The gabbros never occur as lava-streams. Some of the very mas-

sive lava-currents of Scotland, Ireland, and Iceland, however, are

true dolerites, according to the above definition ; though most of the

lavas contain more or less of a glassy base, and so fall into the class

of basalts. The largest intrusive masses are gabbros, those of inter-

mediate size dolerites, and the smallest ones basalts. In a large

eruptive mass the central part may be a gabbro, passing into a

dolerite in its peripheral portions ; it may give off apophyses which

have consolidated as basalt, and these latter have occasionally mar-

ginal selvages of tachylyte.

* Quart, Journ. Geol. Soc. vol. xh. (1885), p. 410.
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y. Minerals of which the E-ocks are composed.

In a previous paper* I have pointed out that the ultra-basic

rocks (dunites, picrites, eucrites, troctolites, Iherzolites, &c.), which
are so intimately associated with the gabbros and dolerites of the

Western Isles of Scotland, are made up of the same minerals as the

latter rocks, but grouped in different proportions. As I have already-

discussed the chemical composition and other peculiarities of these

minerals in detail, it will not be necessar}-' to do more than merely

refer to the results which were there arrived at.

In making a study and comparison of crystalline rocks it is of the

utmost importance, as I have* already insisted, that we should dis-

criminate between the minerals which belonged to the rock at its

first formation and those which are of secondary origin. Many of

the erroneous and contradictory statements which have been made
by petrographers have resulted from a failure to recognize this fun-

damental distinction. At the same time, it must be admitted that

the distinction is not always an easy one to arrive at : indeed in

many cases doubts may remain after the most persevering study.

Among the original minerals, it is clear, when we come to study

them with care, that certain crystals have separated out from the

magma at a period quite different from that of the formation of

other crystals. This fact has been very justly insisted upon by MM.
Fouque and Michel-Levy, who have pointed out the necessity for

discriminating between the several different periods of separation of

the crystals in a rock. The solution of this important problem must,

of course, be sought for in a study of the relations which the several

kinds of crystals are seen to bear to one another when the rocks are

examined in thin sections under the microscope. Further, if we
study the positions of the several crystals of the different minerals

which have separated during the same period of consolidatiou, we shall

find certain facts, such as the inclusion of the crystals of one mineral

in those of another species, or the assertion of the outward crystalline

form of one mineral at the expense of others, which enable us to

establish a distinct order of crystallization among them.

The original minerals of the rocks may be conveniently divided

into two groups : those which are always present in every sample of

the particular rock, which we may call the essential constituents
;

and those which occur with greater or less frequency in addition to

the essential ones, which may be called accessory or accidental

constituents.

The essential minerals of the most highly crystalline forms of these

rocks (gabbros) are three only, plagioclase felspar, augite, and olivine.

As the rocks, however, become less perfectly crystalline, magnetite

and a certain proportion of glassy ground-mass also take their place

as essential ingredients in them.

The range in composition and characters of the essential minerals

of these rocks has been already pointed out. Chemical and optical

tests alike prove that the felspars vary in composition between
* Quart. Journ. Geol. Soc. vol. xH. (1885), p. 362.
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anorthite and labradorite *. When there have been two distinct

periods of consolidation for the felspar-crystals, the oldest are

always the most basic in composition and approach anorthite.

The augites seldom, if ever, exhibit evidence of having separated

at two different periods. But in different varieties of the rock they

present a wide range in chemical composition, from diopsides and
chrome-diopsides to highly ferriferous augites, as is shown by the

series of analyses given t.

The olivines exhibit the same wide range of variations in com-
position, from the iron olivines (fayalite) to the lime-iron olivines.

Seeing that the oxides of iron do not separate as magnetite in

the most highly crystalline forms of these rocks, it follows that the

olivines and pyroxenes of the gabbros should be more highly ferrife-

rous than those of the dolerites and basalts. Observation fully con-

firms this inference, the most highly ferriferous varieties of augite,

enstatite, and olivine being found in the more perfectly crystalline

varieties (gabbros).

Some of the accessory minerals, such as apatite and garnet, must

be regarded as additional constituents ; others clearly replace to a

certain extent one or other of the essential constituents.

The most striking case of this substitution of one mineral for

another in these rocks, is the appearance of enstatite in the place of

augite. The enstatite in every case plays exactly the same role in the

rock as the augite. More than this, a highly ferriferous augite is

usually replaced by a highly ferriferous enstatite, and a less ferri-

ferous augite by a less ferriferous enstatite. Indeed the relations

between those two minerals in the rocks we are considering seems

* To the series of analyses quoted iu my former paper, I am able to add

the following :—Mr. J. F. Brooks, at my request, isolated a sample of the felspar

from a -very typical specimen of the gabbro of Beinn More in Mull. This

work was executed in the Greological Laborator ^ of the Normal School of Science

and ifeoyal School of Mines, by the removal of the heavy ferro-magnesian

silicates from the powdered rock with the electro-magnet and by the use of

Klein's borotungstate solution. A very satisfactory specimen of the felspar was

obtained in this way, which, on analysis, gave the following result :

—

Silica 47-90

Alumina 31"30

Iron oxides Trace

Magnesia 1'16

Lime 11-22

Soda 3-96

Potash -98

Loss on ignition 1-54

Mr. Brooks informs me that the deficiency in this analysis probably arises

from a slight loss in the silica and magnesia ; the titanic acid was not separately

estimated. It will be seen that the felspar is a labradorite. The percentage

of magnesia is accounted for by the quantity of serpentinous matter which has

penetrated into the cracks of the crystals, as is seen to be the case when thin

sections are examined under the microscope.

t Quart. Journ. Geol. Soc. vol. xH. (1885), p. 368.
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almost to point to the conclusion that the augite and enstatite in

rocks may sometimes be dimorphoas forms of the same substance*.

More or less ferriferous biotite occurs not unfrequeDtly in these

rocks, and seems also to take the place of the augite, though not in

so striking a manner as enstatite.

In the same Avay the place of the magnetite is, in certain varieties,

taken by the isomorphous chromite and picotite, and by the hetero-

morphous titanoferrite.

The secondary minerals in these rocks are exceedingly numerous,

and their exact determination is often a very difficult problem.

I have already shown how, in deep-seated rocks, as a consequence

of the schiUerizing process, the felspars become filled out with

secondary products, acquiring thereby avanturine and chatoyant

characters, while the augites pass into diallage and pseudo-hyper-

sthene, the enstatites into bronzite and hypersthene, and the olivines

also acquire similar and distinctive characters.

By other processes of chemical change to be hereafter more

distinctly specified, many new minerals crystallize out from the

products of decomposition of these rocks ; among the principal of

these are quartz, uralite, hornblendes (with the actinolitic varieties

known as smaragdite), biotites, " saussurite " (including zoisite),

and other epidotes, kaolin, various zeolites, serpentine, haematite,

with several hydrous varieties of ferric oxide, and leucoxene. In ad-

dition to these we must note a number of uncrystallized substances, to

* It is true that the large crystals which have generally been studied by
mineralogists show the augites to be essentially lime-magnesia-iron silicates,

and the enstatites essentially magnesia-iron silicates ; but the series of analyses

of microscopic rock-forming enstatites cited by Mr. C. Whitman Cross (U. S.

Geol. Surv. Bull. I. 1883, p. 29) indicates the existence of a very considerable

proportion of lime in some of them, while the series of analyses published by

Merian (Neues Jahrb. fiir Min. iii. Beil. Bd. 1884, p. 252-316) appear to show

that among the rock-forming augites there are not only some in wliich the pro-

portion of magnesia is very high indeed, but that it sometimes actually exceeds

that of the lime (see also Teall, Quart. Journ. Greol, Soc. vol. xl. (1884),

pp. 648, 649). I need scarcely refer to the fact that Oebbeke and other

mineralogists have asserted the existence of a monoclinic pyroxene which has

the marked pleochroism of a ferriferous enstatite, and strongly simulates its

characters. I have myself found in an example of the piperno of Pianura near

Naples a crystal of augite which is beautifully zoned. The hiterior of this

crystal has the cleavage and optical properties of a ferriferous augite, but the

outer zone, which is not cut off by any sharp line of demarcation from the

interior, exhibits the marked and peculiar pleochroism of a ferriferous enstatite.

Both the inner and outer portions of the crystal appear to have the same ex-

tinction-angle. This outer zone is unfortunately too narrow to permit of the

charactei-s of its interference figures being determined by convergent polarized

hght. In the same way augite is sometimes found acquiring the peculiar

pleochroism of hornblende before assuming its cleavage and other distinctive

properties (see Plate VII. fig. 5).

It appears to me that all the known facts of the case point to the conclusion

that mixtures of the bisilicates of lime, magnesia, iron, &c. are dimorphous and
may crystallize in the rhombic system (enstatites) or in the monoclinic system

(augites) ; but that the formation of enstatite, especially in larcje crystals (and

of such mineralogists have until recent times alone taken cognizance), is favoured

by an excess of magnesia over lime, and of augite by the excess of lime over

magnesia.

Q. J. G. S. No. 165. F
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wliicli petrographers have been in the habit, perhaps not very wisely,

of giving such names as " viridite," " opacite," and " ferrite," and
which can sometimes be detected assuming crystalline forms, though
the species of the minerals may be very difficult to define. Lastly,

the amorphous glass may take up water and assume the characters

of palagonite.

VI. Peopoetions op the seveeal Mineeals m the Kocks.

Among the more highly crystalline types of these rocks, there is

found the greatest diversity in the proportions of the several minerals

which constitute them, I need not point out how greatly this

will affect the bulk-analyses of such rocks ; such analyses, indeed,

must be almost useless in the case of very highly crystalline types,

unless the analyst has selected in the field a specimen which
appears to be of average mineral constitution, or has been able to
" sample," by some means or other, a number of different specimens f

Professor Zirkel, from his examination of the Mull gabbros, was
led to the conclusion that the three constituent minerals exist in

the following proportions in these rocks :—plagioclase felspar 3,

olivine 2, diallage 1 *. A general examination of the rocks over

the whole area leads me rather to conclude that while felspar is

usually the predominant constituent, the pyroxenes are more abun-
dant thafli the olivine. But within a very small area—and this is

notably the case in Ardnamurchan and Rum—we may find examples

of these rocks containing the most diverse proportions of the three

constituent minerals. Some varieties from Ardnamurchan are made
up to the extent of at least three fourths of their mass of felspar,

while in others the felspar is the least abundant of the three con-

stituents (see Plate lY. figs. 3 & 4).

This inequality in the relative proportions of the constituents is

exhibited in an exaggerated manner in the " contemporaneous

"

veins and inclusions ; these are often binary compounds of the

essential minerals of the gabbros, or form varieties in which one

or the other constituent is present in excessive proportion.

It has been already pointed out how, by the disappearance of

felspar, the gabbro passes into picrite, by the disappearance of

augite, into troctolite, and by the disappearance of olivine, into

eucrite ; while by the excessive development of accessory consti-

tuents like enstatite and picotite fresh varieties such as Iherzolite

may arise.

YII. Stetjctctees of the Eocks.

It is not necessary to recapitulate the evidence that the gabbros,

the dolerites, the basalts, and the tachylytes do not present any
essential difference in their bulk-analysis f ; that is to say, their

chemical composition varies within the same comparatively narrow
limits ; and there is nothing therefore in their ultimate constitution

to forbid the idea that all of these rocks may have consolidated from

magmas containing the same chemical elements in identical pro-

portions.
* Zeitschr. d. d. Geol. Ges. Bd. xxiii. (1871) p. 69.

t Quart. Journ. Geol. Soc. vol. xxx. (1874) pp. 233-236.
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In their mineralogical constitution these rocks also present

remarkable analogies ; and these come out more strikingly if we make
due allowance for the different kinds of alteration which minerals

undergo when they exist in deep-seated igneous masses and in

lavas poured out at the surface. All these rocks, except such as

are perfectly vitreous in structure, contain plagioclase felspar,

augite, and olivine. In the deeply-seated forms, the augite, as the

result of secondary changes, is often found converted into diallage, and
the olivine is more or less completely obscured by the develop-

ment of secondary magnetite. In rocks which have consolidated

nearer the surface, more or less magnetite has separated from the

original magma, and a greater or less proportion of the latter has

consolidated, without crystallization, into a vitreous ground-mass.

It is in their structure that we find the chief distinctions between
the several groups of the basic rocks; and the main object of this

memoir is to inquire whether there is anything in these structures,

as studied by the aid of the microscope in the different varieties,

which is opposed to the conclusions arrived at by observations in

the field.

These field-observations point most distinctly to the conclusion

that the degree of crystallization of an igneous rock affords no

criterion as to its geological age, but is determined by the distance

from the surface at which it has cooled down. In the district

specially described by me it was shown that the most highly

crystalline varieties of these rocks originally formed the centres of

the largest volcanic cones, such as those of Skye, Ardnamurchan,
Mull, and the Carlingford district. In the peripheral portions of

these great mountain-masses, as well as in the centres of similar but

smaller masses, and in sheets and large dykes proceeding from them,

we find a less perfect crystallization of the materials. In the lava-

streams and smaller dykes, clearly connected with the same centres

of eruption, we find more and more of the materials remaining in

the uncrystallized or vitreous condition ; while in situations where
very rapid cooling has evidently taken place, as on the sides of

dykes, basalt-glass has been formed.

I shall now proceed to show, from the microscopic study of a

very large series of specimens, collected in all parts of the district,

that the study of these rocks in the laboratory fully bears out the

conclusions arrived at in the field. In classifying the several rock-

structures, I have been led to adopt a nomenclature almost identical

with that proposed by MM. Touque and Mich el-Levy, and now
very generally employed by French geologists. But I shall show
that, distinct as these types may appear to be, they really pass into

one another by the most insensible gradations. It wiU be my
farther aim to determine the causes by which the same magma
cooling down under diverse conditions, is made to assume such

remarkably different structures.

The chief structures which I have been able to define in the

rocks under consideration are as follows :

—

1 . The Granitic Structwe (see Plate lY.).—In the rocks exhibiting

p2
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this structure, the only minerals present (if we exclude those of

secondar}^ origin) are felspar, augite, and olivine. The growth of the

crystals of these several minerals has taken place in such a way, that

their full development has been interfered with by the consolidation

of the neighbouring minerals. Nevertheless, the felspar seems to have
had a distinct advantage in the order of its development over the

other minerals. This is shown by the fact that when any crystal-

faces are produced they are those of the felspars. Not only are the

augite and olivine moulded on to the felspar-crystals, but in some cases

the felspar-crystals may be found to have separated along cleavage-

planes, and the augite-substanee has penetrated into, and crystallized

within, the spaces thus formed (see Plate YII. fig. 1). The felspar-

crystals, in the most perfectly granitic types, appear in section as broad
plates, sometimes exhibiting zonal structure, and not in narrow lath-

shaped forms. The size of the crystalline grains varies greatly : in

Ardnamurchan and Skye, the individual grains sometimes exceed an
inch in diameter, but sometimes they are so fine as to be almost

microscopic. These finer varieties have been distinguished as ''• micro-

granitic''^ or '^ euriticJ'

2. The Opliitic Structure (see Plate Y. fig. 1), which was first

clearly defined by IM. Michel-Levy, is very admirably illustrated in our

series of rocks. In the rocks of this type the crystals of felspar,

which are lath-shaped in section, were evidently the first formed, for

they are often found to be completely enclosed in large individuals of

pyroxene and sometimes of olivine and magnetite. The enclosing

pyroxene crystals sometimes attain considerable dimensions, but

seldom, or never, have their outer faces well developed ; in spite of

the felspar-crystals enclosed in them, however, the persistence of

cleavage-cracks and the mode of polarization shows the crystalline

continuity of the whole individual. "Where these crystalline indi-

viduals of pyroxene attain large dimensions, as in the rocks of

Portrush and the Shiant Isles, the reflection from their broad

cleavage-faces in fractured surfaces causes the rock to assume a

striking and characteristic appearance. In Mull, certain lavas are

found exhibiting this structure on a very minute scale, and these

may be distinguished as micro-ophitic (see Plate Y. fig. 5).

3. The Granulitic Structure (see Plate Y. fig. 2).—In the

rocks exhibiting this type of structure, we sometimes, but by no
means always, find magnetite added to the other three original

constituents of the rock. The most notable distinction in these

rocks is found in the character of the pyroxene and olivine grains,

which, as seen in section, assume more or less rounded outlines, and
are imbedded in a plexus of lath-shaped crystals of felspar; in

polarized light these grains are seen not to be parts of one large

crystal, but to have very different orientations. The form of the

individuals of pyroxene and olivine at once recalls the structure

seen in the granulites. Although never so coarse-grained as some
of the granitic forms, the granulitic varieties exhibit a wide diver-

gence in the size of the individual minerals, and the finer varieties

ma}^ be distinguished as micro-granuUtic (see Plate Y. fig. 6).
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The structures which we have now described belong to the " holo-

crystalline" rocks of Professor Eosenbusch, the "type granitoide "

of M. Michel-Levy. The hemicrystalline rocks, rocks in which
only a part of the magma has assumed the crystalline form before

consolidation (" porphyrische Gesteine" in part of Rosenbusch, and

"type trachytoi'de" of Michel-Levy), have now to be considered.

If to the grauulitic or orphitic types of these rocks there be added

a greater or smaller amount of vitreous ground-mass, we have the

structure which characterizes the basalts. It may be convenient,

with Mohl and Boricky, to separate as a subgroup the varieties in

which the qug,ntity of vitreous or semivitreous base is excessive,

under the name of " magma-basalts," these magma-basalts gra-

duating insensibly on the one hand into ordinary basalts, and on

the other into basalt-glass.

When we study with care the micro-structure of this more or less

perfectly vitreous base—which forms the mass of basalt-glass, a

large proportion of the magma-basalts and a smaller proportion of

the ordinary basalts—we are struck with the fact that two
strikingly distinct types of structure are recognizable among its

numerous varieties.

In the first of these types we find the glassy ground-mass filled

with opaque skeleton-crystals of magnetite and numerous long

transparent rods often bifurcating at their ends ; these appear to

be skeleton-crystals of either augite or felspar, or of both those

minerals. When the development of this structure has gone a little

further it is often possible to identify the skeleton-crystals as those

either of augite or of felspar. These opaque and transparent

skeleton- crystals are seen entangled with one another in every

position, and forming a crystalline network within the glass (see

Plate yi. figs. 1, 3, 5, 7).

In the second type of vitreous base we find the opaque material

in the form of cubical or more or less rounded grains, either isolated

or irregularly aggregated. The felspar usually forms small and short

microlites, the ends of which often exhibit step-like terminations,

and the augite, when individualized, forms more or less rounded
granules (see Plate YI. figs. 2, 4, 6, 8).

This distinction between the types of the glassy ground-mass in

basalts can be made out alike in cases where the well-developed

crystals are numerous, and in those in which they are comparatively

few in number (magma-basalts). It is equally well seen, though
developed on a more minute scale, in the basalt-glasses, some of

which, as shown by Mr. Cole and myself, are filled with magnetite
" dust," while others exhibit skeleton-crystals of magnetite and
sometimes of transparent minerals *.

Porphyritic varieties are found in the case of all the different

types of these rocks, from the most perfectly holocrystallinc to those

which are absolutely vitreous. While the rocks of this area are

rendered " porphyritic " by the presence of scattered crystals of

* Quart. Journ. Geol. Soc. vol. xli. (1885) p. 444. plate xiv.
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felspar, and sometimes of grains of olivine, we seldom, if ever, find

porphyritic crystals of augite or of the hornblende-variety known as

" basaltine." In this respect the rocks of this area differ in the

most striking manner from the basic rocks of other petrographical

provinces, such as that of Bohemia, for example. Another feature

by which the basic rocks of the Brito-Icelandic province are distin-

guished is the absence of nodules composed of olivine and enstatite

;

such nodules are of the most common occurrence in Bohemia, the

Eifel, and the Auvergne, but, so far as my own experience goes,

they are wholly wanting in the district we are considering. The
frequency with which the different varieties of the ophitic structure

are exhibited is also another distinctive character of the basic rocks

of this petrographical province.

Porphyritic Gabhros.—In Skye and Ardnamurchan, we find ex-

amples of gabbros in which crystals of felspar, sometimes from one

to two inches in length, appear to have crystallized before the mass
of crystals composing the groundwork of the rock. In some cases

the earlier separation of these felspar-crystals is proved by the fact

that they have cracked along certain planes of weakness, allowing

the pyroxenic material to penetrate into them and crystallize there

(see Plate YII. fig. 1). Such porphyritic gabbros appear to be

exact analogues in the basic series of the porphyritic granites (like

that of Shap, for example) in the acid series.

Porphyritic Dolerites.—The varieties of these are very numerous,

and among them may be detected the exact analogues of rocks

which have been designated " labradorit-porphyr," and " diabase-

porphyr " in Germany, and also of those which have received the

name of " labradorites " from the French geologists.

The porphyritic varieties of the granulitic dolerites contain,

scattered through their midst, broad, platy, felspar individuals, like

those characteristic of the gabbros ; and these large felspar-crystals

not unfrequently exhibit the zonal structure. In some cases the

outlines of these porphyritic felspar-crystals are clear and well

defined, but not unfrequently they are irregular in form, and would
seem to have suffered mechanical injury. Sometimes the crystals

are seen to be split along planes of weakness, and masses of the

material which has crystallized as augite have been forced into the

cracks (see Plate YII. fig. 2).

Examples also occur of porphyritic varieties of the ophitic

dolerites ; but these, I think, are less frequent than the dolerites

with porphyro-granulitic structures. There is one very remarkable

variety of the porphyritic structure exhibited by the ophitic dolerites

of Pair Head, Co. Antrim, which I shall describe more particularly

in the sequel.

Beautiful examples of the porphyro-granulitic structure are

exhibited by the intrusive dolerites in many parts of the area under

consideration. I may especially instance those of Dun-da-gu in the

Isle of Mull, of Ardnamurchan, and of the Carlingford Mountain in

Ireland. Similar structures are exhibited by some of the massive

lavas, such as that of Eu Geur in the Isle of Skye.
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Porphyritic basalts are extremely common in the area; indeed

they preponderate over non-porphyritic varieties ; in other Tvords the

majority of hasalts contain, scattered through their ground-mass,

certain crystals which are distinguished by their larger size, and
frequently by other characters also, from those forming the ground-

mass itself. The mineral which usually occurs in porphyritic

crystals is the felspar ; but olivine in large grains is sufficiently

frequent; while augite, so abundant as a porphyritic constituent

in the basalts of other petrographic provinces, seldom or never

occurs in that form in our rocks.

At a point on the north-east side of Mull, between Tobermory
and Ardnacroish, I found a basalt containing porphyritic felspar

crystals which were no less than two inches across. The easy

cleavability of the porphyritic crystals, and the toughness of the base

in which they were imbedded, made it quite impossible, however,

to obtain really representative hand-specimens of the rock.

Porphyritic Tachylytes.—In some of the basalt-glasses of this

district, as has been already pointed out *, porphyritic crystals, not

only of felspar and olivine but also of augite, occur not UDfrequently.

The corroded appearance of such crystals has been already described.

4. The Glo7nero-porphyritic Structure.—In the remarkable ophitic

dolerite of Pair Head, Co. Antrim, we find an example of a structure

which, so far as I am aware, has not hitherto been described, and to

which the above name may be applied. The base is an ordinary ophitic

dolerite, but scattered through this base we find groups of anorthite-

and olivine-crystals which appear like scattered fragments of an
olivine-anorthite rock or troctolite (see Plate YII. fig. 3). The
relations of the anorthite and olivine in these inclusions, which vary

from one tenth to one third of an inch in diameter, is similar to

that which is so well known as characterizing the Forellenstein

or troctolite. The olivine is not altered to magnetite along the

cracks, as is so frequently the case in the troctolites, but the anorthite

contains a large number of secondary inclusions. I have not been
able to detect any clear indications of change along the edges of

these groups of crystals, where they are in contact with the enclos-

ing ophitic dolerite, but the felspars are certainly traversed by an
enormous number of fine cracks; this is the more striking inasmuch
as the associated olivines are almost unaltered, and do not send out

radiating processes of serpentine into the felspars, as is so frequently

the case with the troctolites in which the process of serpentinization

of the olivines has commenced (see Plate VII. fig. 3).

The only approach to this glomero-porphyritic structure with
which I am acquainted is that exhibited by some dolerites—for

example, those of Carboniferous age described by Mr. Allport t, in

which we find radiating groups of felspar-crystals sometimes associ-

ated with large augites, both of these minerals showing some
characters which distinguish them from the mass of the crystals in

the rock. Those who regard the enclosures composed of olivine,

* Quart. Journ. Geol. Soc. vol. xli, (1885) p. 444, plate xiii.

t Quart. Journ. Geol. Soc. vol. xxx. (1874) p. 529, &c.
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enstatite, augite, &c., which are found in some basalts as having

separated at some period from the magma, out of which the enclosing

basalt was itself formed, may regard these as examples of the

glomero-porphyritic structure on a gigantic scale.

When the character of porphyritic crystals is compared with that

of the same mineral forming a part of the ground-mass of the rock,

we usually find that the porphyritic crystals are of more basic

composition. Thus, in a dolerite containing labradorite-crystals in

its base, the porphyritic crystals appear to be anorthite ; this is

proved both by the extinction-angles of the different felspar-crystals,

and by the application to them of Szabo's chemical test. The same
fact has been well illustrated in the case of the dolerites of Iceland by
M. Breon *. In the same way, basalts which contain porphyritic

crystals of labradorite sometimes appear to have a more alkaline

species of felspar (andesine or oligoclase) in their base.

It has frequently been remarked that the enclosures of glass in

porphyritic crystals have a different character from the glass of the

ground-mass of the rock. But while we find this to be the case in

some of the rocks we are now considering, we also find evidence that

the material of the ground-mass has in many cases penetrated into

cracks and eaten into the surfaces of the porphyritic crystals. There
appears to be evidence that at the time when this took place, the

materials of the ground-mass had already in part crystallized. Thus
we sometimes find crystals of magnetite or granules of augite which
seem to have been mechanically forced between the plates of a por-

phyritic crystal of felspar.

5. Micro-pef/matitic (?) Structure.—There is yet another structure

not unfrequently displayed by these rocks which is worthy of very

careful study. In 1874, AUport drew the attention of geologists to

a very interesting structure, which he figured from the Rowley-ragf.

The pyroxene and felspar are here seen intergrown in such a manner
that the former constitutes a number of rays diverging from a centre

in the midst of the felspar-crystals. I have found beautiful examples

of this structure in a coarse dolerite from near Bombay, for speci-

mens of which I am indebted to Mr. A. P. Young, F.G.S., but have

not noticed it in any of the rocks now under consideration. Fox a

similar intergrowth of minerals, H. Pischer proposed the name of

" ocellar structure," while in 1881, F. Becke described a number of

remarkably interesting cases of the same character under the name
of centric structure.

Among the rocks exhibiting what Michel-Levy calls micro-

pegmatitic structure, and Eosenbusch granophyric structure, there are

some which exhibit a plumose and radiating arrangement of the

two intergrown minerals. M. E. Breon has figured a beautiful

example of this kind from Iceland under the name of microgranulitic

* Notes pour servir a I'etude de la Greologie de I'lslande et des lies Foeroe

(1884), p. 18, pi. ii. fig. 2.

t Quart. Journ. Geol. Soc. vol. xss. (1874) p. 549, pi. xxxiv. %. 28.
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structure * ; and the same structure is frequently exhibited in the

felspars of the gabbros of ^lull (see Plate VII. fig. 8). There are

strong grounds for believing, as Professor R. D. Irving remarked

in 1883, that some structures of this kind are of secondary origin in

the rocks t ; others, it can scarcely be doubted, are original. In rocks

from Portsoy I have found clear evidence of the origin of structures

of this kind, through alteration of the felspar (see Plate VII. fig. 9).

As these structures are much better exhibited in the more acid

rocks from the same district, I think it will be better to reserve the

fuU discussion of them until I come to the description of the latter.

VIII. Geological Relations of the Rocks exhibiting the
SEVERAL Structures.

AVhen we come to study in the field the positions and relations of

the rock-masses exhibiting the several structures above described,

some very important conclusions are suggested to us.

The granitic structure is confined to the gabbros, and occurs only

in the central portions of the largest of the extruded masses. The
very coarse-grained and porphyritic forms occur in the central parts

of the great mountain-masses of Skye and Ardnamurchan, or occa-

sionally as contemporaneous veins traversing finer-grained rocks of

the same class in these and the other districts.

From the granitic types, through less perfectly crystalline forms,

to the vitreous there is, as I have always insisted, the most perfect

gradation. But the careful study of a large number of microscopic

sections, cut from rocks the positions and relations of which have

been carefuUy determined in the field, brings out a remarkably

interesting fact. The passage from gabbro to glass takes place not

along one line simply, but along two distinct and parallel ones.

Sometimes we find about the edges of the great mountain-masses

the felspars losing their broad platy character and exhibiting lath-

shaped sections. In these cases the felspars are found becoming

more and more completely enclosed in the pyroxenes, until the most

perfect ophitic structure is produced. It is possible in this way to

illustrate in the completest manner the transition from the most
perfect gabbro to the most typical ophitic dolerite (see Plate IV.

figs. 3, 5, & 7, and Plate V. fig. 1).

But at other times the change from gabbro to dolerite takes place

in a totally different way. The felspars, as in the last case, exchange

their broad platy forms for narrow prismatic ones with lath-shaped

sections ; but these, crowding together into an intercrystallized

mass, have had developed in their midst a number of grains of

pyroxene and olivine, everywhere distinguished, as seen in section,

by their curvilinear outlines. In this way we have a granulitic

dolerite formed (see Plate IV. fig. 8, and Plate V. fig. 2).

Let us now inquire if there is anything in the geological position

* Loc. cit. p. 33, pi. vi. fig. 2.

t U. S. Geological Survey, Monograph V. The Copper-bearing Eocks of

Lake Superior (1883), p. 114, pis. xiv., xy.
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and relations of the rock-masses which exhibit these very dissimilar

types of structure which may account for their differences. It has

been suggested that the ophitic structure is characteristic of, and
limited to, rock-masses which are intrusive in other rocks. While,

however, it is certain that the most perfect illustrations of ophitic

structure on the grandest scale are found in such splendid examples
of intrusive sheets as those of the Shiant Isles and Portrush,

yet it is an undoubted fact that many of the larger and more
massive of the lava-currents of the district exhibit this same struc-

ture in a fairly well-marked manner—every gradation, indeed,

existiug between these ophitic and semi-ophitic lavas and the more
common type, which is, as we shall see, distinctly granulitic or

porphyro-granulitic. Eut in some of the smaller masses, both lavas

and dykes, we find this beautiful structure admirably displayed

though on a very minute scale. These constitute the micro-o^hitic

basalts (see Plate Y. figs. 3, 5, 7).

The great mass of the doleritic and basaltic lavas, however, ex-

hibit different stages of the granulitic and the porphyro-granulitic

types. From the granulitic dolerites, which we have described,

through the micro-granulitic forms, we get every gradation—the

granular elements, pyroxene, and olivine becoming smaller and
smaller, as do the lath-shaped felspars, till all are reduced to the

condition of microlites ; at the same time the quantity of glassy

matter increases, till we pass from the ordinary basalts to the

magma-basalts (see Plate V. figs. 2, 4, 6, 8).

If we now turn our attention from the more crystalline to the

compact and vitreous varieties of the basalts (magma-basalts), we
find the two parallel series of differences to which we have already

referred. It is in the glass of basalt forming dyhes that we find

the best examples of the skeleton-crystals of magnetite with those

of augite and felspar (see Plate YI. figs. 1, 3, 5, 7) ; while in the

basalt of lava-streams the glass is filled with rounded microlites

of augite, detached grains of magnetite (magnetite dust), and
short prismatic microliths of felspar (see Plate YI. figs. 2, 4, 6, 8).

Between these two types there are, of course, all intermediate

stages ; but I have no hesitation in afiirming, as the result of pro-

longed and repeated studies of these rocks in the field, that the

basalt containing a glass with skeleton-crystals is especially cha-

racteristic of the dykes, while varieties in which the microliths are

short in form and often rounded in outline, constitute the type

which is usually exemplified in the lava-streams.

The tachylytes of the district are only known to occur as " sel-

vages " to dykes. In these tachylytes, as has been already shown,
skeleton-crystals abound. There is one interesting type, that of

the Beal, near Portree, iji Skye, where a magma-basalt, full of

skeleton-crystals, passes at the edge of the dyke into a glass in

which the magnetite is separated only in the form of cloudy patches,

sufficiently dense to render the mass almost perfectly opaque,

Porphyritic varieties occu]' both among the rocks forming intrusive

masses and in those constituting lava-streams. While they are com-
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paratively rare and eTen exceptional among the most deeplj'-seated

rocks (gabbros), they become more and more abundant as we pass to

less highly crystalline forms, till in the basalts they form the rule

rather than the exception. It may be fairly said that basalts are rare

in which evidence of «i^ hast two periods of consolidation is not repre-

sented among their constituents—the porphyritic crystals of felspar or

olivine or of both those minerals, and the glass filled with microliths.

To sum up these results, we may say that among these basic

rocks the only type of rock ahsoliitely characteristic of intrusive

masses is the granitic; but ophitic varieties and varieties with
skeleton-crystals in their base abound in, though they are not con-

fined to, intrusive rocks: while rocks of granulitic structure and
those with short and rounded microlites in their ground-mass are

especially abundant among the lavas.

The relations of the several rock-structures which we have been
describing to one another are illustrated in the following table.

Vitreous.

Basalt-glass (Tachylyte).

{Por^phyritic Tachylyte.']

With skeleton

crystals in glassy

base

Micro-ophitic,

Ophitic.

J
Magma-Basalt.

\^Porphyritic Magma-basalt.']

Ordinary Basalt.

[Porphyritic Basalt.]

DOLERITES.

[Porphyritic Dolerites.]

With granulai-

microliths in

glassy base.

Micro-granuliti c,

Granulitic.

GrABBROS.

[Porphyritic Gabbros.]

Granitic and Micrograuitic Structure.

IX. GeIGIN of the SlRUCTrEES.

The facts now passed in review cannot fail to suggest to every one
who carefully considers them an explanation of the origin of the
several structures we have been describing.

The granitic structure exhibited by the gabbros is evidently the
result of the consolidation of a magma at a great depth from the
surface, where almost uniform temperatures are maintained during
enormous periods of time, and where the pressure is also very great.

Owing to the low conductivity of these rocks their rate of cooling-

down in such vast mountain-masses must be almost infinitely slow,
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and similar conditions can never exist, even in the largest mass
extruded at the surface ; thus it comes to pass that we never find

lavas assuming the form of gabbro or granite.

The ophitic type is clearly found in masses which are of con-

siderable dimensions; though not so large as those forming the

gabbros, in which the rate of cooling is somewhat more rapid and
the pressure less than in the case of the latter. But the geological

relations of these rocks also indicate that the ophitic structure is

produced where the molten mass is in a state of perfect internal

equilibrium ; that is to say, where there is no kind of movement
whereby strains and tension .can be produced in the viscous mass
during its consolidation. Nowhere can such conditions exist in such
perfection as in the great masses of lava, sometimes hundreds of

feet in thickness, and extending over many square miles in area,

which are found intruded between strata. When the injection has

once taken place, such a mass must remain in a state of almost

perfect internal immobility. In some of the large lava-currents,

when a solid crust has formed over them and no further movement
can take place, the conditions seem to be almost equally favourable

for the formation of this structure, and accordingly we find an ophitic

structure, though of a somewhat less perfect character, arising under
such conditions (see Plate Y. figs. 3, 5).

In masses of molten rock where internal movements accompany
the crystallizing process, a ""granulation" of the pyroxene and
olivine is the result. Instead of the formation of large crystals, we
have an agglomeration of grains with more or less marked curvilinear

outlines, presenting every possible orientation. That this action

really takes place can be shown in gabbros and ophitic dolerites in

which movement has taken place towards the end of the process of

solidifying (see Plate YII. fig. 4). In these cases the pyroxene
crystals are found surrounded by a zone of granulated pyroxene. It

is when this crystallization goes on in a mass not in a state of

internal equilibrium, that the granulated structure is developed ; and

the passage from the granulitic and micro-granulitic dolerites, which
are holocrystalline, through the various types of basalt, in which
more and more of the vitreous base appears, is as perfect as in the

parallel case of the ophitic rocks (see Plate Y. figs. 2, 4, 6).

Of course, as might be expected, we find every gradation between
these two parallel series of rocks, ophitic rocks passing insensibly

into granulitic ones.

The mode of separation of the magnetite, felspar, and augite from
the glassy base of the basalt appears to be equally determined by
the existence of equilibrium or otherwise in the midst of the cooling

mass. In dykes especially, and in some lava -streams, the entire

absence of any internal movements in the cooling mass appears

to be conducive to the formation of delicately branched rods or

skeleton-crystals of magnetite, with the long transparent rods bifur-

cating at both ends, which seem to be skeleton-crystals of augite,

felspar, or olivine (see Plate YI. figs. 1, 3, 5, 7). Put in the majority

of cases, we find microlites of rounded forms of augite and magnetite
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with short prismatic microlites of felspar. These microlites seem
to represent on a very minute scale the rounded crystals of the

granulitic rocks, and, like them, appear to indicate that the whole
mass was subjected to internal movements while crystallization was
taking place in it (see Plate VI. figs. 2, 4, 6, 8).

Coming to the most highly vitreous forms, we find the same di-

stinction. In some cases we see the whole of the'glass filled vdth
delicate black rods (trichites) or beaded rods (margarites), with very

minute transparent crystallites (belonites &c.). But in other cases

the whole glass is filled with clouds of excessively minute, rounded
particles of magnetite (" magnetite dust "), which renders it nearly

opaque. In the case of the Beal dyke near Portree, in Skye, we
find the rod-like crystallites at a short distance from the edges ; but
at the actual edges, where some friction may be supposed to have
occurred, the rods resolve themselves into magnetite dust.

With respect to the origin of the porphyritic crystals, it may
be pointed out that while we may in some cases regard them as

having separated from the magma, when it existed at a greater

depth from the surface than when the ground-mass crystallized, in

other cases there appears to be a difiiculty in applying this mode of

explanation.

In some instances the mechanically injured condition of the crystals

and other appearances strongly suggest their actual transport from
below in the midst of the materials of the surrounding ground-mass.

But in others the porphyritic crystals exhibit zoned structures

and other characters not found, perhaps, in the deeper-seated rocks

of the class in the same area. May we not in these cases explain

the phenomena in the way suggested by M. Michel-Levy, by the

consolidation having taken place at two different periods ? It is not

difficult to imagine conditions which would bring about such a

result. If, for example, a mass of igneous materials were in a

liquid state at a great depth from the surface, the conditions

might be favourable to the separation of a felspar of a given com-
position from the magma. The continued abstraction of certain

elements from the base would alter the composition of the sur-

rounding magma, and this would modify slightly the conditions

causing the successively formed zones of the crystal to vary slightly

in composition. But if a fissure were formed above such a molten

mass, then the pressure upon it would be greatly and suddenly

relieved, even though no actual movement occurred in the deeper-

seated portion. Under the entirely new conditions thus originated,

the magma surrounding the zoned crystals already formed might be
induced to crystallize in a totally different, manner, the order

of the separation of the minerals and the forms and relations

of their several crystals being determined by these new conditions.

It might at first sight appear that the unaltered or the corroded

appearance of the porphyritic crystals would afford a test as to

whether those crystals had consolidated in the midst of the rock in

which they are now formed or had been transported from a deeper-
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seated mass. But when we bear in mind that a crystal is only-

stable so long as it remains nnder the exact conditions which sur-

rounded it when it was formed (and this conclusion the researches

of Klein and others upon boracite, leucite, &c., give us ample

ground for assuming), then it may be anticipated that the corrosion

of a porphyritic crystal may not only be due to a change in the

composition of its enveloping magma, but can be equally brought

about if the crystal and the magma are exposed to new conditions.

Without attempting, then, to decide the mode of origin of the por-

phyritic structure in each individual instance, we have sufficient

grounds for inferring that while, in some cases, the porphyritic

crystals have clearly undergone transport, and may have been

brought up from a more deeply-seated source, in others all the

phenomena point to consolidation of the materials of the rock at

two different periods, when the mass was subjected to dissimilar

conditions.

The glomero-porphyritic structure may have originated either in

the one way or the other. A troctolite may have been broken up,

and its fragments have been included in a magma which crystallized

as an ophitic dolerite; or the anorthite and olivine may have separated

around certain centres, and new conditions have induced the crys-

tallization of the rest of the magma as an ophitic dolerite.

X. Peotciples which have goveened the CetSTAIiLIZATION

OP the Eocks.

Many petrographers have endeavoured to determine the exact

order in which the crystals have been developed in an igneous rock

by observations based on the enclosure of individuals of one species

in those of another species, or of their mutual interference during

growth. Professor E-osenbusch has lately insisted on the great

value and importance of this kind of investigation. He has called

especial attention to the fact that there is a remarkable contrast

between the rocks of basic composition and those of more acid

character, in the order in which their constituent minerals seem to

have separated from their respective magmas *.

In the intermediate and acid rocks, the more basic minerals

separate out first, so that the glassy ground-mass is continually

acquiring a more acid composition, by the extraction of the bases

faster than the silica. But in the basic rocks, we find that this rule

does not hold good.

The truth of this statement is admirably illustrated by the

rocks we are now studying. In the gabbros and ophitic dolerites it

is evident that the first mineral which crystallized out (after the

apatite) was the felspar, and not the ferro-magnesian silicates.

But a careful study of the whole series of these British and Irish

rocks brings to light some very important principles, which seem to

govern the crystallization of the basic magmas. It is evident that

the separation of the different classes of minerals is not determined,

solely, by chemical affinities. The conditions under which consoli-

* Neues Jahrb. fiir Min. &c., 1882, ii. pp. 1-16.
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dation has taken place have certainly had not a little to do with the

order of crystallization of the minerals of the rock.

Before any satisfactory conclusion can be arrived at concerning the

order in which the several minerals of a rock have crystallized from

the magma, we must allow for two possible sources of error in

reasonings of this kind:

—

First we must determine with accuracy which are the original

minerals of the rock, and carefully distinguish them from such as

are of secondary origin.

Secondly it must be borne in mind, as has been so justly insisted

upon by MM. Michel-Levy and Fouque, that there may be several

distinct periods of consolidation of the minerals in a rock, and that

some crystals may even be derived, ready formed, from a foreign

source.

Bearing these considerations in mind, I have been able to arrive

at the following conclusions with regard to the rocks we are now
studying :

—

The oxides of the iron-group of metals {iron^ manganese, chromium^

nickel, and cobalt) behave quite differently in basic magmas which

have consolidated slowly and under pressure, and in the same magmas
cooling at the surface. This is shown by the fact that in the most
deeply seated magmas there are no original spinellids (magnetite,

chromite, or picotite), but the whole of the oxides of the iron-group

exist in union with silica, either as pyroxenes or olivine. The careful

study of the perfectly crystalline types of all these rocks from
different portions of the area under consideration shows that mag-
netite, when present in them, is always a secondary product resulting

from the " schillerization " of the olivine or the pyroxenes. I find

that Prof, von Lasaulx, from his examination of a series of the

Carlingford gabbros in 1878, was convinced that the magnetite in

his specimens was of secondary origin *.

And a critical examination of the whole series of these rocks

shows that as the cooling becomes slower and the pressure less, the

quantity of the oxides of iron separating as magnetite progressively

increases. In some of the less highly crystalline gabbros and in the
dolerites, small quantities of original magnetite can be detected ; in

the basalt it increases in amount ; in the magma-basalt the whole
base of the rock is thickly sown with skeleton-crystals or dust of

magnetite ; and in the tachjiytes it sometimes becomes so abundant
as to render the rock completely opaque even in the thinnest

sections.

It follows, as a necessary coroUary from thi§ proposition, that the
pyroxenes and olivines which separate from a magma when it is

deep-seated must be more highly ferriferous than the same species

of minerals crystallizing from the same magma nearer the surface.

And there are many facts which appear to support this conclusion.

It is the highly ferriferous character of the deep-seated olivines

which seems to facilitate their alteration into opaque masses by schil-

lerization. Another conclusion which may be drawn from the study
* Tschermak's Min. und Petr. Mitth. vol. i. (1878), p. 429.
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of these rocks is, that the conditions of consolidation have variously

influenced the relative order of crystallization of the ferro-magnesian

silicates (pyroxenes and olivines) and the alumino-alkaline silicates

(felspars). In the gabhros, the mutual interferences of the several

minerals seem to indicate an almost simultaneous crystallization
;

but in all cases, so far as I have seen, the advantage in the matter

of priority seems to remain with the felspars ; for when crystalline

faces are developed they are always those of felspar individuals.

In the dolerites, and especially in those of the ophitic type, the prior

crystallization of felspars to both pyroxenes and olivines is a very

obvious feature. In the basalts it is often difficult to say whether
the one class of minerals has the advantage or not of the other as to

priority in crystallization ; but it is certain that skeleton-crystals

and microlites of both groups of minerals may be seen in course of

development, side by side, in the same glassy magma.

XI. Alterations which the Rocks have undergone.

In the facility with which their constituent minerals undergo

change, the basic rocks are perhaps only second to the ultra-basic

ones. Much of the confusion which has prevailed concerning the

gabbros seems to have arisen from the circumstance that, in the

majority of cases, it is the highly altered products of these rocks

which have been studied—materials like saussurite-gabbro, wurlit-

zite, and variolite, in which perhaps not one of the original

mineral constituents remains. In such rocks the felspars are found

changed into saussurite (zoisite &c.), the augite into hornblendes

(smaragdite, actinolite, &c.), and the olivine into magnetite and
serpentine. Still further changes may have taken place by which
the rock is converted into a hornblendic schist or gneiss. In the

same way the less perfectly crystalline varieties are found altered

—

the dolerites into " diabases," the basalts into " melaphyres," " pala-

tinites," " basaltites," and finally into "wackes." Careful study under

the microscope often shows that the whole of the minerals which at

present make up the rocks are pseudomorphs of or derivatives from

the minerals of rocks similar to those described in this memoir.

Although the highly altered igneous rocks are usually found in

connexion with the more ancient geological sediments, yet it would

be a mistake to infer that the amount of alteration which an igneous

rock has undergone is any criterion of its geological age. Some of

the Tertiary rocks in the district we are describing are found in

the most highly altered state; scoriaceous basalts are found con-

verted into crumbling amygdaloidal rocks, their cavities filled with

zeolites, chlorophseite, chalcedony, or calcite. Sometimes, indeed, the

whole is converted into a dark green clay or " wacke." Conversely,

we sometimes have the good fortune to find in the midst of a mass

of a very ancient igneous rock portions which have escaped the

extreme change, and in which the original and characteristic

minerals and rock-structures may be readily made out.

The great value of the examples of the basic rocks in the district
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we are now describing arises from the circumstance that we are able

to study in them the incipient stages of the several transformations

which their minerals undergo. From examples in which the

minerals are absolutely fresh and unaltered, we may trace every

gradation into the most highly altered forms. All those alterations

of minerals, which have been so well traced in the case of the older

roclvs by Mr. Allport* and Professor Bonney, may be as clearly, if

not as frequently, found exemplified in the case of these rocks of

Tertiary age.

There is one point which comes out from these studies which
must be carefully borne in mind. The same mineral species does

not always exhibit the same degree of chemical instability or liability

to be acted upon by chemical agents. Eor this we might perhaps

be prepared by the circumstance that the behaviour of different

varieties of the same mineral species with artificial solvents also

varies in a very remarkable manner. Thus different varieties of

olivine have been shown to differ in the most striking manner in their

solubility in acids. Perhaps the most common rule is that the olivine

is the most easily altered constituent in the basic rocks, then

follows augite, and lastly felspar f. But there are cases in which
the rock appears to contain an abnormally unstable augite or

felspar, and this sequence of decomposition is no longer maintained.

There are even some picrites, like those of Central Rum, in which
the adventitious crystals of anorthite appear to be of such a singu-

larly unstable character that they have been converted into zeolites

and other decomposition-products, while the augites, enstatites, and
olivines show no sign of change. Even in the same mineral in a

mass of rock, among crystals which exhibit no recognizable difference,

we may find some undergoing extreme alteration, while others

around them remain quite unchanged. What are the subtle causes

of the different degrees of susceptibility to the same chemical forces

in different crystals of the same mineral, it is, in our present state

of knowledge, impossible even to suggest.

The alterations which the minerals of these rocks undergo are of

the most varied kind, and are evidently due to the action of different

causes, among which the five following may perhaps be reckoned as

the chief:

—

§ 1. Action of surrounding Magma upon Crystals.

The progressive acidifying of the glassy base of a rock by the

crystallizing of its more basic constituents is a characteristic of the

acid and intermediate classes of rocks, rather than of the basic ones.

Hence it is in the former rather than in the latter that we notice

those very conspicuous changes of the exterior portions of crystals

where they have been in contact with the enveloping acid material.

* See Quart. Journ. Geol. Soc. toI. xxx. (1874) pp. 529-567.

t Professor Bonney, who has paid much attention to this question, however,
informs me that, according to his experience, among igneous rocks of different

areas, the felspars, as a general rule, succumb to weathering-action before the

augites.

Q. J. G. S. No. 165. e
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But inasmucli as a crystal formed under one set of conditions may
be in a state of instability when those conditions are altered, we
frequently find the porphyritic crystals in the basic rocks exhibiting

evidence of this kind of action.

It is in the basalt-glasses (tachylytes) and in the magma-basalts

which approach these in character that the most striking elBPects of

this kind are exhibited. As already pointed out *, the porphyritic

crystals of felspar, augite, and olivine in these rocks are completely

honeycombed by penetrations of glassy material identical in character

with the surrounding ground-mass. These porphyritic crystals are

certainly transported ones, and have been brought from below, where
they were formed under totally dijfferent physical conditions. En-
veloped in a mass of molten glass, differing in composition from that

in which they were formed, it is not surprising to find that they

have yielded to a great extent to the solvent action.

It is interesting, as bearing upon the theory of schillerization, to

notice that this solution of crystals often takes place along definite

crystallographic planes ; that is to say there are certain planes of

chemical weakness in the crystals, a fact in complete harmony with
the phenomena of the " Aetzfiguren " and of "• schiUerization."

§ 2. Action of Solvents under Pressure (Schillerization).

This subject has been fully discussed in a former paper f. It is

there shown that as a result of the solvent action operating along
cracks or lines of strain, and also in certain planes of chemical

weakness, in crystals, secondary enclosures containing liquids or

solids are formed. Further, by the same agent the felspars acquire

avanturine and chatoyant properties, the pyroxenes are converted

into " Schiller " varieties, and the olivines are studded with stellar

inclusions, and finally become so filled with particles of magnetite

as to assume a black and opaque appearance.

That these phenomena are due to deep-seated action is shown by
the fact that the schiller varieties of augite (known as diallage and
pseudo-hypersthene) and the " schiller" varieties of enstatite (known
as bronzite and hypersthene) are confined to the highly crystalline

and deeply-seated rocks ; and it is in such situations only that we find

the similarly altered forms of olivine and felspar. But as solvent

action at the surface may be local and partial in its action, so is it at

great depths ; and we find side by side in these deep-seated rocks

crystals which are more or less highly schillerized and others quite

free from this kind of change.

That schillerization is the result of changes which have taken
place in crystals long after their formation, and that schillerized

minerals are therefore altered products, is proved in many ways.
The schillerizing process can be shown to have originated either

from the surfaces of crystals or along lines of accidental fissures

traversing the crystals, and the materials which are contained in

* Quart. Journ. Geol. Soc. vol. xli. (1885) p. 444.

t Ibid. vol. xli. (1883) p. 383.



GABBKOS ETC. IN SCOTLAND AND lEELAND. 83

the negative crystals are decomposition-products—mixtures of

various hydrated oxides.

In the most deeply seated gabbros, like those of Skye, Ardna-
murchan, and the Carlingford mountains, the form of augite known
as pseudo-hypersthene abounds. This is a variety in which the

schillerizing process has been set up along two or three mutually

intersecting planes. In gabbros of less deeply seated origin, as on

the outskirts of the larger masses, and in the centres of those of

smaller dimensions, as in Mull, E-um, and St. Kilda, the form of

augite with schillerization along one plane only, which is known as

diallage, abounds ; and there is every gradation from this diallage

into ordinary augite as we examine portions that have consolidated

nearer the surface (see Plate lY. figs. 5, 6).

There are precisely the same relations between the rocks containing

the forms of enstatite known as hypersthene and bronzite respectively.

§ 3. Action of Steam and other Gases at the Surface,

In a district which has been subjected to such an enormous

amount of denudation as that which we are considering, it can

scarcely be expected that many of those chemical changes of the

surfaces of lavas, which are so familiar to all students of volcanic

districts, should be exhibited. There is indeed distinct evidence that

in many cases the surfaces of the old lavas had weathered into a soil,

and . sometimes that they had suffered considerable denudation

before they were covered up by the later flows. Consequently the pre-

servation of the surface-products formed by the action of the escaping

steam and other gases upon one another and upon the materials of

the lavas through which they escape must be of very rare and ex-

ceptional occurrence.

Nevertheless, traces of this kind of action do occur in the district

we are describing. In some of the basalts the vitreous matter of

the ground-mass is seen to be converted into the hydrated glass

which has received the name of palagonite. Such basalts may be

conveniently termed " palagonite-basalts," and examples of them
occur in Mull and some other of the Western Isles of Scotland.

The infilling of the cavities formed by the escape of bubbles of

gas in the basaltic lavas, whereby a scoriaceous basalt is converted

into an amygdaloid, is not improbably due, in part at least, to the

chemical actions set up by the steam and other gases escaping

through the lavas on their way to the surface. It is a very note-

worthy circumstance in connexion with these rocks, that where the

amygdaloidal kernels abound, the mass of the rock has undergone
the greatest amount of decomposition. Thus, in a lava in which the

central and compact portion shows but little signs of decomposition,

except in the serpentinization of the olivines and a partial altera-

tion of the felspars, the scoriaceous upper and under portions

will have undergone the most complete alteration into a soft

crumbling mass. The collection of liquids and gases in these cavi-

ties has converted them into laboratories of synthetic mineralogy.

The several minerals and glasses of the surrounding rock have
g2
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served as materials for these natural experiments, and have been
variously acted upon, so that there have grown up in the interior of

the cavities, crystals of the zeolites, chlorophseite, epidote, quartz,

calcite, and other minerals, with layers of chalcedony and other

crypto-crystalline materials. The removal of material from the

rock has often rendered it soft and friable, and when examined by
the aid of the microscope it is seen to have lost its characteristic

structure and mineral characters. I^ot unfrequently secondary

quartz or calcite is found to have been introduced into the substance

of the rock, giving it new cohesion, while the colour of the rock has

been changed from black to various shades of reddish brown through

the partial peroxidation and hydration of the magnetite. Some of

these altered rocks are in no way distinguishable from the amyg-
daloidal melaphyres and similar rocks which have usually been

regarded as being characteristic of the older geological periods.

§ 4. Action of Atmospheric Agents ( Weathering).

If the action of escaping steam and other gases on volcanic rocks

is only imperfectly exemplified in the district we are describing,

nowhere can we find better examples of the changes produced by
water percolating from the surface and carrying with it oxygen,

carbonic acid, and other substances in solution. It is not always

easy to separate the results of the two kinds of action from one

another or from the effects of the action of deep-seated solvents,

though their products are in some cases very strikingly contrasted.

The felspars, as the result of weathering action, exhibit every

degree of kaolinization, owing to the breaking up of the silicates of

the alkalies and the alkaline earths, and the removal of their pro-

ducts in solution, this action being accompanied hy the hydration

and recrystallization of the silicate of alumina. Every stage of this

alteration can be traced, from a slight clouding of the transparent

felspars to their passage into white and opaque pseudomorphs. The
materials left behind in these pseudomorphs may recrystallize as

zoisite or other complex silicates, which have received the name of
" saussurite." In some cases the breaking up of the felspar mate-

rials is attended with the separation of considerable quantities of

silica, which crystallizes as secondary quartz ; such secondary quartz

is found in many of the altered gabbros of the district.

The augites, both the non-ferriferous and the ferriferous varieties,

undergo similar very interesting series of change. Sometimes the

nearly colourless varieties acquire a brown or purplish tint on their

exterior portions, and this change of colour is seen extending

inwards in different crystals till the original colour is nearly lost.

It is evident from these facts that the colour of augite-crystals, as

seen by transmitted light, is a character upon which but little

dependence can be placed. The conversion of a very small propor-

tion of the iron-salt from the ferrous to the ferric state is probably

sufficient to produce considerable changes in tint. In some cases,

however, it is quite possible to discriminate between the original and
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normal tint of the augite in a rock and the unequally distributed

tints acquired by alteration.

Sometimes the augites, both the pale-coloured and the brown
varieties, are found undergoing paramorphic change into hornblende.

In these cases the^rs^ change seems to consist in the acquisition of

the characteristic colour and pleochroism of the hornblende. Thus
we find the purplish-brown augite of the ophitic dolerite of the

Shiant Isles (Plate V. fig. 1) assuming the yeUowish-brown tint

and the strong pleochroism of hornblende, while the cleavage-cracks

and other features of the augite still remain. (See ante, p. 60,

footnote.) But sometimes a brown augite passes into a green

hornblende and vice versa ; and not unfrequently crystals of the

same augite may be found passing into both green and brown
hornblende. This subject has been carefully studied in many of

the older rocks by Professor Bonney, F.H.S. * When the augite

has by schiUerization been converted into diaUage, the changes

produced by superficial action may be somewhat modified. The
augite, from which much of the iron has been separated, shows
a great tendency to pass into the bright green actinolitic varieties

known as smaragdite. So great is this tendency that there are

cases in which gabbros, with olivines only slightly serpentinized,

have their diallage-crystals bordered by fringes of smaragdite. The
first stage of this change, which is accompanied by the separation

of calcic carbonate and other decomposition-products along the

planes of foliation of the diallage, leads to the formation of the

beautiful varieties known as '•' green diallage."

But in other cases the change of the augite takes place in an
entirely different manner. The whole mass of each augite-crystal

is seen passing into the green structureless material known as

" viridite ;" incipient crystallization in this viridite not unfrequently

leads to the formation of vermiform aggregates like those so often seen

on a larger scale in the minerals of the chlorite group. Eventually,

however, the who e of the viridite substance may acquire the

pleochroism and cleavage of hornblende. As the product of this kind

of change is uralite, the change may be called " uralitization."

There are thus two entirely different methods by which the augites

are converted into hornblende, the direct paramorphic transition and
the indirect uralitization ; but why the change sometimes takes place

in the former way and at other times in the latter, I have as yet

found no clue for determining.

When a schillerized mineral undergoes alteration by weathering,

the characteristic secondary enclosures sometimes remain unchanged.

In the case of the diallages of some of the Mull Gabbros, so much
titanoferrite is present in their secondary enclosures that the whole

acquires, by weathering, the peculiar white and opaque appearance

of leucoxene or titanomorphite (see Plate VII. fig. 6).

The products of the change of enstatite are, in most cases,

quite different from those of augite, and more nearly resemble

the materials produced by the alteration of olivine. This probably

* Quart. Journ. Geol. Soc. vol. xxxix. (1883) p. 254, &c.
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arises from tlie fact that the enstatites, as a rule, contain a larger

proportion of the magnesian silicates than do the augites. The traces

of the secondary foliation of the enstatites are also visible in their

alteration-products, in the form of plates and patches of iron-oxides

arranged in parallel bands.

The olivines by simple hydration pass into serpentine ; and this

change commences along the surfaces of the grains and penetrates

along the lines of cracks which traverse them ; from these lines it

extends inwards till not a vestige of the original olivine is left.

When, as in the more deeply seated rocks, magnetite has been
separated by schillerization, this magnetite remains in the serpen-

tine and, by the forms it assumes, often affords a clue to the nature

of the original mineral. The hydration of the olivine and its con-

sequent conversion into serpentine is attended with an increase in

bulk of the individual grains ; in consequence of this, when, as in

troctolite (Forellenstein), the grains of olivine are surrounded

with felspar-crystals, these latter become cracked, and the fissures

thus produced are injected with the serpentinous material. This

effect is admirably seen in some cases where each grain of olivine

is found to be surrounded by a radiating series of branching fissures,

each of which is filled with green serpentinous material (see Plate

YII. fig. 7). Even in the ordinary gabbros, where no such

regular radiating cracks can be detected, the expansion of the ser-

pentine has sufficed to cause its injection into all the accidental

fissures and openings in the surrounding minerals.

The change of titano-ferrite into leucoxene (or titanomorphite)

is well known, and is frequently exemplified in these rocks. The
chromite and picotite by their decomposition give rise to chromates

of a very rich and characteristic green tint.

The glass of these basic rocks through the action of atmospheric

waters is often seen to be converted into a green substance very

distinct in appearance from the brown product (palagonite) resulting

from the action of heated waters on the same glass.

As the result of these changes in their constituent minerals, the

several members of the basic series are converted into new rocks.

The gabbros pass into saussurite-gabbros, wurlizites, or variolites

;

the dolerites assume the characters of some of the rocks known as

diabases, and the basalts acquire the peculiarities of melaphyres,

basaltites, and palatinites. Each of these rocks in turn may, by still

further atmospheric change, be reduced to masses of dark-coloured clay

or wacke. Of course the slightly altered forms of these rocks are

more common in the formations of Tertiary age, and the highly

altered forms amoDg older deposits ; but neither the one nor the other

can be regarded as characteristic of any particular geological period.

§ 5. Effects of Crushing Movements in Rock-masses.

It is only necessary in this place to mention this last and very

potent cause of change in the rocks of the basic series. While the

action of the former causes is, in the main, destructive, that of the
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last mentioned is reconstructive. The effect of schillerization and
weathering is to bring about a destruction of the original crystals

and an admixture of their materials. But under the influence of

great crushing movements rearrangement and recrystallization is

brought about, the new minerals thus formed arranging themselves

in more or less distinct and parallel folia, and the rock becoming

a schist. A very instructive example of this action has lately been

described by Mr. Teall as occurring in a dyke at Scourie *. But in

the district we are now describing, where no such great movements
have taken place since the formation of the rocks, changes of this

kind are not exemplified.

XII. SUMMAET OF RESTnDTS.

The igneous rocks of Iceland, the Faroe Islands, the Western
Isles of Scotland, and the northern part of Ireland, present a striking

similarity in character, and belong to the same petrographical

province. Among the salient characters which distinguish the basic

rocks of this province may be mentioned the prevalence of the ophitic

structure, as well as the absence of porphyritic crystals of augite or

hornblende, and of enclosures of olivine, enstatite, and augite.

That the whole of these rocks were erupted during the Tertiary

period, there cannot be the smallest doubt. They overlie, unconfor-

mably, the youngest members of the Cretaceous series, and are

interbedded with strata containing a very characteristic Tertiary

flora.

The basic rocks of this area described in the present memoir
offer a beautiful example of the transition of varieties with a

highly crystalline structure, through every intermediate form, into

the vitreous type. The holocrystaUine forms are true gabbros

(" olivine-gabbros " of some authors) which graduate into dolerites,

and these in turn pass insensibly into basalt, magma-basalt, and
finally into basalt-glass. All these rocks have the same ultimate

chemical composition, and, so far as they are crystallized, are made
up of the same minerals.

By the study of the microscopic structures of these rocks, it is

shown that the passage from the granitic type (gabbro) towards the

vitreous type (tachylyte) takes place along two distinct but parallel

lines. Sometimes the gabbro passes into opliitic dolerite, and this

into basalt and magma-basalt, with skeleton-crystals in the ground-

mass. At other times the gabbro passes into granulitic dolerite,

and thence into basalt and magma-basalts, with granular microliths

in their base. The first kind of transition is shown to be

characteristic of rock-masses which have cooled down with the

most perfect internal equilibrium ; the second kind is found in

masses which have been subject to internal movements during their

consolidation. All the rocks exhibit many interesting varieties of

the porphyritic structure, one of which, the " Glomero-porphyritic "

structure, has not hitherto been described.

* Quart. Journ. Geol. See. vol. xli. (1885) p. 133.
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The order of separation of the several minerals in these rocks is

shown not to have resulted from purely chemical causes, but to have
been controlled by the conditions under which consolidation has

taken place. In the most deeply-seated varieties, the iron-oxides

enter into complete combination with the silicates, and in other

cases there is a progressive increase in the quantity of magnetite

which is separated, according to the proximity to the surface at which
consolidation has taken place.

Although some of the rocks exhibit a remarkably fresh and
unaltered condition in their component minerals, others display the

effects of both deep-seated and surface-action in the most instructive

manner. There is no essential difference between these altered

forms and the similar rocks of pre-Tertiary age. The nature of the

changes and the causes by which they have been brought about are

shown to vary greatly in different cases, but especial attention is

drawn to the deep-seated action to which the name of schilleri-

zation has been given, and to the effects produced by the percolation

of atmospheric waters.

EXPLANATION OF PLATES lY.-YII.

In the first three Plates an attempt has been made to show the

very gradual transition of the most highly crystalline varieties

of these rocks into the perfectly vitreous types. Plate IV. is devoted

to the illustration of some of the most characteristic and typical

varieties of the gabbros, and of their approximation towards the

dolerites. Plates Y. and YI. illustrate the passage of the dolerites

into basalts and magma-basalts. In each of these Plates the

figures on the left hand indicate the structure of rocks which
have cooled down with the minimum of internal movement and
strain (ophitic structures and glass with skeleton-crystals) ; while

the figures on the right illustrate the types in which there has been

much internal movement and strain during consolidation (granulitic

structure and glass with granular microliths and magnetite dust).

It has not been found practicable to give representations of the most

largely crystalline types of these rocks, for in such the individual

crystals are often more than an inch in diameter ; but the series

begins with the gabbros of medium-sized grains. These are repre-

sented with a very low magnifying power (10 diameters only), and

as the crystalline character diminishes, the magnifying power applied

to the sections has had to be increased. In drawing the objects it

has been found necessary to diminish them to about one third of

the size they appear at the position of distinct vision (10 inches),

and the enlargement is therefore indicated by the figures y*, 2|-, y

,

&c. The actual size of the objects represented will of course be

found by dividing the linear measurements in the figures by the

quotients of these several fractions. The least magnified sections

are represented within rectangular outlines, the degree of departure

from this indicating the progressive increase of the amplification, the

most highly magnified sections being represented in circles.
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It has not been found necessary to give representations of the

porphyritic varieties of all these types, though such exist. Nor did

it seem desirable to complicate the question by introducing the more
highly altered forms, though these arc o^ considerable interest as

illustrating the fact that the degree of alteration is not necessarily

a mark of great geological age.

Plate IY.

grabbros passing into dolerites.

All the figures on this Plate are magnified V--

Fig. 1. Slightly altered gabbro (" olivine-gabbro ") of Ai-flnamurchan. This

may serve as an adiiiirable example of the most perfectly bolocrystalline

type of these rocks, when the minerals exhibit only the incipient stages

of change. The felspar is seen in the section forming broad plates

with much polysynthetic twinning, and a few irregular cracks and
bands of inclusions. The brown augite shows the development of

enclosures along lines of strain and fissure, but only the first trace of

the foliation characteristic of diallage. The olivine which from its

colour would apiDcar to be highly ferriferous, is perfectly clear and
free from serpentinization, but exhibits the development of secondary
magnetite aloiig the cracks, with the first traces of schillerization along
planes parallel to the optic axis of the crystal. There is no original

magnetite in the rock.

Fig. 2. More altered gabbro (" olivine-gabbro ") of Loch Ooruiskh, Isle of Skye.

In this rock the changes due to deep-seated action (schillerization)

have gone a little further. The broad plates of felspar, though per-

fectly clear, contain more liquid and solid enclosures than in the last;

the pale brown augite-crystnls are, in their exterior portions, converted
into diallage, by schillerization along planes parallel with the ortho-
pinacoid; the olivine is also more altered than in the last example,
and in some cases is rendered completely opaque by secondary mag-
netite. The augite in the rock is to some extent replaced by a ferri-

ferous enstatite, with bronzite structure partially developed in it.

Fig, 3. Gabbro passing into eucrile (anorthite-augite rock) from Carlingford
Mountain, Co. Down, Ireland. In this rock, the broad plates of felspar

are seen to have undergone a considerable amount of deep-seated
alteration. The pale-green augite is considerably changed along the

lines of strain and fissure. The rock contains but little olivine (none
appearing in the drawing), so that, the felspar being anorthite, it ap-
proximates to eucrite. There is no original magnetite in the rock.

Fig. 4. Gabbro, passing into troctolite (anorthite-olivine rock), from the West
Glen, St. Kilda, near the junction of the gabbro with the granite. The
crystals of felspar are not so large and broad as in the previous ex-

amples, and in some cases are seen to be enclosed in the augite, so

that thei-e is an approach to the ophitic structure ; they are perfectly

unweathered, but show traces of schillerization. The augite is small
in quantity and in some parts of the rock wholly wanting ; it is scbil-

lerized on one set of planes and so takes the form of diallage. The
olivine is abundant, darkened by secondary magnetite along the cracks,

and also forms scattered grains or groups of grains, in the midst of
the felspar-crystals.

[Figs. 3 and 4 illustrate the less normal types of these rocks which result from
variations in the proportions of the constituent minerals.]

Fig. 5. Altered gabbro ("olivine-gabbro") from Mam Clackdig, Isle of Mull.
The felspar (labradorite) of this rock is traversed by many bands of
cavities containing both liquid and solid materials. The augite is

convei'ted, by schillerization, into very typical diallage ; the relations

of the augite and felspar crystals in some cases indicate an approxi-
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mation to the o'phitic structure. The oliyine has become ahnost per-

fectly black and opaque by the development of magnetite particles in

it, and the residual material has been serpentinized.

Fig. 6. More altered gabbro, Loch Ooruiskh, Isle of Skye. The felspar is

strikingly schillerized. along from one to five planes of the crystal.

The augite is schillerized in one set of planes parallel to the ortho-

pinacoid (diallage), or in two sets of intersecting planes, parallel to the

orthopinacoidand the clinopinacoid respectively (pseudo-hypersthene).

The olivine, which is small in quantity, is converted into serpentine

often penetrating into the cracks of surrounding minerals. The
relations of the augite and felspar-crystals suggest, as in the last ex-

ample, an approach to the ophitic structure.

[Figs. 5 and 6 illustrate the more advanced conditions of alteration in these

rocks, by which they are made to resemble in their character the
gabbros (olivine-gabbros) of the older geological periods.]

Fig. 7. Gabbro passing into dolerite, from Ardnamurchan. In this rock the
felspar, which is unweathered, but contains many inclusions, no longer
forms the large and broad crystals characteristic of the true gabbros,

but begins to assume long prismatic forms. The pale brown augite,

which is schillerized, and passes into diallage along the outer margins
of its crystals, shows a decided approach to the ophitic arrangement
in its relations to the felspars. The olivine forms irregular grains,

which exhibit various stages of the development of secondary mag-
netite in them.

Fig. 8. Gabbro passing into dolerite, from near the summit of Halival, Isle of

Rum. In this very beautiful aud almost wholly unaltered rock the

breaking up of the broad crystals of felspar into " lath-shaped " forms
is carried still further. The rich green augite (diopside) forms rounded
grains, but these sometimes enclose lath-shaped felspar crystals. The
olivine, which also occurs in rounded grains, is very fresh, but con-

tains the stellar groups due to schillerization ; by slight alteration

along the cracks it has assumed a yellow-brown tint, as seen in the

fractured surface of the rock (see pp. 67, 68).

From examples like those represented in figs. 7 and 8, we find the

most insensible transition to the true dolerite figured in Plate V.

Plate V.

DOLERITES PASSING INTO BasALTS.

This Plate represents the structures of the dolerites and basalts and of the

rocks which constitute the transition between these two varieties.

Figs. 1 to 4 are shown as magnified V) and Figs. 5 to 8 are shown as mag-
nified V.

In this and the following Plate the rocks which have been formed by the

consolidation of materials in a state of internal equilibrium, are represented in

the column on the left hand, and those in which movement has taken place

during consolidation, on the right.

Fig. 1. Ophitic structure in dolerite from the Shiant Isles. The section shows
dark purplish-brown augite, enclosing more or less lath-shaped crys-

tals of felspar, both minerals being beautifully fresh and unaltered.

A few scattered grains of olivine, slightly serpentinized along the

cracks, occur in the rock, with patches of magnetite ; and both of these

minerals sometimes enclose the felspars in the same way as does the

augite. Where weathering action has afiected the augite, it has
acquired the peculiar colour and pleochroism, but none of the other

characters of hornblende (see pp. 68, 85).

Fig. 2. Granulitic structure in dolerite from Ardnamurchan. In this section

we find an interwoven network of lath-shaped felspar crystals, through

which irregular grains of pyroxene, olivine, and magnetite are scat-

tered, these grains being distinguished by their rounded contours and
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the diversity of their orientation, as is shown when they are examined

by the aid of the polariscope. Some of the magnetite is probably

original, but a considerable part of it is clearly secondary, and formed

by the alteration of the olivine. The augite in places shows the com-
mencement of schillerization, and tends to pass into diallage. Por-

tions of this rock become porphyritic by the additon of large, zoned
crystals of felspar (see p. 68).

Fig. 3. Semi-ophitic structure in basalt from Portree, Isle of Skye. This is a

good example of a type very characteristic of the coarser-grained

basalts of the district. The amount of unindividualized glass is very

small, so that the rock is almost a dolerite, according to the definition

which we have adopted. The lath-shaped felspars are narrower and
less clearly defined in outline than in Fig. 1. The augite, though usu-

allj' behaving in the ophitic manner, sometimes breaks up and becomes
granuUtic ; and this is more conspicuously the case with the olivine

and magnetite. The rock contains large porphyritic crystals of olivine.

This type, so common among the coarser basalts of the Western Isles

of Scotland and the North of Ireland, is admu'ably represented in

Iceland (see E. Breon's 'Iceland,' plate li. fig. 2).

Fig. 4. Semi granulitic structure in basalt from Ru Geur, Isle of Skye. This

rock, like the last, contains only a trace of a' vitreous ground-mass,

and may, like it, be regarded as one of the links between the dolerites

and the basalts. The felspar forms narrow and often ill-defined lath-

shaped crystals ; the augite is usually granular, but in places shows
an approximation to the ophitic type, the orientation of adjacent

grains which enclose the felspar crystals being not unfrequently the

same. The rock contains porphyritic crystals of both olivine and
felspar. This type, like the last, is very frequently represented among
the coarse-grained basalts forming the more massive lava-currents of

the district. The two types pass into one another by insensible gra-

dations.

Fig. 6. Micro-ophitic structure in the basalt of Dumfrin, near Tobermory, Isle

of Mull. In the section of this lava we find the j^brown augite deve-

loped around the small lath-shaped microlites of felspar so as to produce
a very perfect ophitic structure on a very minute scale (compare with
fig. 1, bearing in mind that fig. 5 is magnified three times as much as

fig. 1). The rock contains grains of olivine, which is converted into

serpentine, and is rendered porphyritic by large crystals of plagio-

clase felspar. There is a small quantity of glassy ground-mass in the

rock. So far as my experience goes, this micro-ophitic structure is

only of rare occurrence.

Fig. 6. Micro-granulitic structure in a basalt from Ardnamurchan. In this

rock the granulitic structure is exhibited on a very minute scale (com-
pare with figure 2, bearing in mind the difference of amplification).

In a plexus of short felspar crystals we find scattered rounded grains
of pyroxene and olivine, the diverse orientation of these grains ap-
pearing very distinctly when the section is viewed by polarized light.

The rock is not porphyritic, and the particular type of structure

appears to be somewhat rare.

Fig. 7. Structure seen in basaltic dyke in the Isle of Scalpa, near Skye. The
felspar and augite appear as somewhat ill-defined microlites, the
latter exhibiting a fibrous appearance. The whole of the rather
abundant glassy base is filled with rods and skeleton-crystals of mag-
netite, which sometinies start from the fiides of the augite microlites.

The imperfect crystallization of the several minerals is very well seen
when the section is examined by polarized light.

Fig. 8. Structiu*e seen in the basalt of a lava-current exposed at the western
foot of Beinn Inivaig, Isle of Skye. In this section we have the gra-
nulitic structure well exemplified, but the granular microlites of
augite are smaller and less perfectly defined than in figs. 4 and 6

;

and the surrounding plexus of felspar-microlites is less distinctly in-

dividualized, the quantity of glass in the ground-mass being much
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greater. The magnetite forms large irregular grains. This type
admirably illustrates the transition between the porphyro-granulitic

dolerites and the most common type of basalts forming the lava-

streams of the district, in which minute granules of augite and olivine

with ill-defined lath-shaped microlites of felspar are scattered through
a vitreous base. See Plate VI. fig. 2.

Plate YI.

Basalts passing into Magma-basalts.

The first four figures on this Plate are shown as seen with a magnifying
power of 150 diameters (H-); the remaining four with a magnifying power of

300 diameters (^f^).

Fig. 1. Compact basalt from a dyke at Carsaig, Isle of Mull. The glassy base

is filled with beautiful rods and skeleton-crystals of magnetite ; irregular

and ill-defined microlites of felspar are seen more or less enclosed (in

the ophitic manner) in the also somewhat ill-defined augite-microhtes.

The scattered grains of oliviue are completely serpentinized. This

section illustrates the combination of an imperfect ophitic structure

with one in which skeleton-crystals are conspicuous, both types

characterizing the basalts which have consolidated with perfect

internal equilibrium.

Kg. 2. Compact basalt of the Giant's Causeway, Co. Antrim, Ireland.

Irregular lath-shaped microlites of felspar with granular inicroHtes

of augite and olivine are set in a small quantity of a glassy base, fiilled

with granular particles of magnetite, and similar granules and
giobulites of magnetite are sometimes found enclosed in the augite-

and felspar-microlites. This rock illustrates the common type of the

more compact basalts of the area.

Fig. 3. Compact basalt from near Tobermory, Isle of Mull. In this rock such

a large quantity of glassy base is present that it might perhaps almost

be considered as a magra a-basalt. Through the glassy base are scattered

needles of felspar and augite, the latter sometimes aggregated into

fibrous and plumose masses, which enclose the former with very minute
black rods and granules of magnetite. The structure exhibited is very

similar to that of some of the " light magma-basalts " of Boricky

.

Fig. 4. Compact basalt from Lismagogue, Co. Antrim, Ireland. This variety

differs from that of fig. 2, chiefly in the larger quantity of glassy base

thickly set with granules of magnetite. The same irregular microlites

of felspar, with the rounded granules of augite, are found in this rock,

as is so commonly the case with the basalts of lava-streams. The
olivine which is small in quantity, is completely serpentinized. The
rock approaches in its characters the " dark magma-basalts " of

Boi-icky.

Fig. 5. Magma-basalt from a dyke at the Beal, near Portree, Isle of Skye. The
structure of this rock resembles that of fig. 3, but the crystallization

of the several mineral constituents has not gone so far. Rods of

magnetite and irregular lath-shaped microlites of felspar are scattered

through the mass. The enclosing glass is filled with minute crystal-

lites of augite which are only very occasionally seen to be united into the

fibrous and plumose masses found in fig. 3. The glass crowded with the

augite, crystallites encloses the felspar microlites in the same way that

the augite does in the ophitic dyke of rocks. It is clear that fig. 5
represents a type of rock in which a larger part of the material remains

in a vitreous condition than thai represented in fig. 3, and one

in which the crystallization of the minerals, especially of the augite, has

not gone so far.

Fig. 6. Magma-basalt from near Tobermory, Isle of Mull. This rock resembles

the common type represented in figs. 2 and 4 except for the fact that

the bulk of the material remains in the glassy condition. The



GABBROS ETC. IN SCOTLAND AND IRELAND. 93

felspar is represented by very ill-defined lath-shaped microlites, and
the augite by granular particles of which the outline is also ill-defined,

with others in which the polarization is very obscure—in fact they
should be called crystallites rather than microlites ; naore or less

rounded grains of magnetite, with *' magnetite-dust" and magnetite
globulites, are also scattered through the glass.

Fig. 7. Magma-basalt from a dyke at Gribun, Isle of Mull. This differs from
fig. 5 in the absence of any distinct crystalline forms. In the mass
of glass the felspars are probably represented by ci-ystallites in the

form of long rods often bifurcating at the ends, and it is doubtful if

any other mineral except magnetite has begun to separate from the

glass. The magnetite forms an intricate network of rods and skeleton-

crystals, which are sometimes seen to spring from the sides of the

embryo-crystals (crystallites) of felspar.

Fig. 8. Magma-basalt from a lava-stream at Bloodstone Hill, Isle of Eum.
Through the abundant pale brownish glass of this rock we find

scattered groups of short crystallites (belonites) of felspai', granular
crystallites of augite, and grains of magnetite, these embryo -crystals

being usually collected into groups. The contrast between the rocks

represented in figs. 7 and 8 is very striking, and is evidently the

result of differences of condition during the consolidation of the two
rocks.

[The completely vitreous basalt-glass or tachylyte has already been
sufficiently illustrated (see Quart. Journ. Greol. Soc. vol. xxxix. pi. xiv.

figs, 1, 2, 3, 4, 5). In these the sections are represented as seen with
a still higher power (500 diameters) than we have employed for the
magma-basalts. These tachylytes are from the edges of the dykes, and
in all of them except fig. 1, rods and skeleton-crystals of magnetite are

thickly scattered through the glassy base. Sometimes these rods are

seen to be lines of globulites (" margarites" of Vogelsang). The
cloudy granular condition of the magnetite in fig. 1 may be the result

of a certain amount of friction between the cooling glass and the walls

of the dyke.]

Plate VII.

Fig. 1. Crystal of felspar from the porphyritic gabbro of Ardnamurchan.
Natural size. The porphyritic crystals of felspar in this rock are

from 1 to 2 inches in length. In the example figured, it is seen that

the crystal, subsequently to its formation, has yielded to mechanical
forces, cracks being formed, generally along cleavage-planes, but some-
times passing irregularly through the crystal. These cracks have been
injected with material which has become perfectly crystallized ^as

augite. The whole crystal with its enclosures has undergone some
alteration, numerous fissures and enclosures being produced in the

felspar substance, while the augite has in places been darkened by the

separation of magnetite.

Fig. 2, Porphyritic crystal of felspar in the granulitic dolerite of Ru Geur.
Magnified 75 diameters. This crystal, besides being very much broken
or eroded along its edges, has yielded along the planes of most easy

cleavage, and permitted the infiltration of augitic material, which has
crystallized. The contrast between this infiltrated augitic material

and the granulated augite in the base of the rock is very marked. Both
this and the last figure afford striking illustrations of the tendency of

the felspar in these rocks to crystallize before the augite.

Fig. 3. Glomero-porphyritic structure in the dolerite of Fair Head, Co. Antrim,
Ireland. Magnified 2^ diameters. The ground-mass of tliis rock is

an ophitic mass, consisting of brown augite and dark-coloured olivine,

both enclosing lath-shaped crystals of felspar in great profusion.

Scattered through this base, we find aggregates of crystals of olivine

and anorthite ; in these aggregates the grains of olivine are generally

enclosed by a mass of the broad anorthite ci'ystals, so that the

relations of these two minerals is the same as is seen in troctolite
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(" Eorellenstein") ; the rock, indeed, appears like an ophitic dolerite
through, which portions of a troctolite are scattered, though, as pointed
out in the text (p. 71), this may not be the real explanation of the
origin of the structure.

Fig. 4. Augite crystal from the gabbro passing into dolerite seen on the south
side of the West Glen, St. Kilda. Magnified 180 diameters. The
central part of this crystal presents the ordinary characters of augite,

the whole extinguishing together ; but along its edges the augite
becomes " granulated" or broken up into masses of granular particles,

each of which has a difierent orientation. This structure may have
been produced by crystallization having gone on to a certain extent,

while the mass was in a state of perfect internal equilibrium , but, before
final consolidation, some internal movement or strain having been set

up within it (see p. 76).

Fig. 5. Zoned crystal of augite from the piperno of Pianura near Naples. Mag-
nified 100 diameters. The central portion of this crystal is of a pale green
colour and exhibits the characteristic cleavage-cracks of augite ; it is quite
destitute of pleochroism. The outer zone, which is not sharply divided
from the central mass, but appears to graduate insensibly into it, is of
a rich yellowish-brown tint, and exhibits the characteristic pleochroism
of a moderately ferriferous enstatite (proto-bronzite), reddish brown
to bluish green. The outer surface of the crystal, where it is in contact
with the surrounding magma, exhibits the irregular black band so
often seen in hornblende and mica-crystals under similar circum-
stances. Although the outer zone of this crystal is so strikingly

distinguished from the central part by its strong pleochroism, yet, so
far as I can make out, they extinguish together ; some of the cleavage-
cracks of the central mass also seem to pass without change into the
outer zone. Owing to the narrowness of this outer zone, I have not
found it practicable to compare the interference-figures given by the
two portions of the crystal with convergent polarized light. This
example is very instructive when compared with the augite of the
ophitic dolerite of the Shiant Isles (see Plate Y. fig. 1). In this we
sometimes find the purplish-browji non-pleochroic augite shading
into a material of a yellowish-brown tint, exhibiting in a very marked
manner the characteristic pleochroism of hornblende ; this pleochroic
portion of the augite crystals still exhibits the characteristic cleavage
and the extinction-angle of the augite. These examples seem to
indicate that in the paramorphic changes of augite into hornblende
and enstatite respectively, the peculiar pleochroism of the paramorphic
minerals is the first character which is acquired (see p. 65, footnote).

Fig. 6. Altered augite from the gabbro (olivine gabbro) Isle of Mull. Mag-
nified 25 diameters. This example is very interesting on two grounds.
In the first place, we have twinned crystals like those occurring
commonly in the Whin Sill and so well described by Mr. Teall
(Quart. Journ. Geol. Soc. vol. xl. (1884), p. 647 &c., pi. xxix.). Such
twinned augites do not appear to be at all common in the rocks of the
district we are describing. The crystals have been perfectly schiller-

ized and have assumed the foliation of diallage. In the second place,
it is noteworthy that though the augite material _^has been converted
into " viridite " substance, or, in other words, the* crystals are under-
going uralitization, yet the enclosures still remain which were formed
daring the secondary foliation of the mineral. These enclosures
appear to have contained so much titano-ferrite that, by weathering
action, they have yielded the characteristic white product known as
"leucoxene," giving a very peculiar appearance to the altered product
(see p. 85).

Fig. 7. Two grains of serpentinized olivine in a gabbro (olivine-gabbro) from
Portsoy, Scotland. Magnified 30 diameters. The expansion of the
olivine during its hydration is seen to have prodiiced series of radiating

cracks traversing the surrounding crystals of felspar and augite, and
these cracks have been injected with the serpentinous matter. The
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effects of this action are especially well seen in the augite crystal,

which, by schillerization, is partially converted into diallage. These
radiating series of cracks proceeding from the olivine grains, and in-

jected with serpentine, are generally very well seen in the troctolites

(" Forellensteine ") among the older rocks, where the olivines are more
or less perfectly serpentinized (see p. 86). In the Tertiary rocks it can

frequently be recognized, and in some of the more altered gabbros, like

those of Mull and Skje, all the minerals of the rocks have their cracks

thus injected with serpentine.

Fig. 8. Micropegmatitic (?) structure in the plagioclase felspar of the altered

gabbro of the Isle of Mull, seen as magnified 30 diameters. Compare
this with the admirable figure given in R. Breon's ' Geologie de I'ls-

lande,' plate vi. fig. 2. The manner in which this structure is seen to

be developed in the outer zones of some felspar crystals, and especially

in those Avhich fill up the interspaces between other earlier-formed

and well-defijied crystals, and the way in which they are constantly

associated with undoubtedly secondary quartz, all point to the con-

clusion that this structure is not an original, but a secondary one (see

page 72). As an illustration of the commencement of these secondary

structures in felspars the next drawing, fig. 9, is given. In the group
of crystals represented in fig. 8 we find several plagioclase crystals,

one of which encloses a granule of garnet, while the outer zone of

another exhibits the " micropegmatitic " structure. The same struc-

ture is seen in the surrounding ci'ystals. The clear material appears

to be quartz. The cloudy matter between may be kaolin (?). Infil-

trated serpentinous matter, with clear secondai-y quartz and a crystal

of augite schillerized and converted into diallage on its outer margin,
is seen in the same group.

Kg. 9. Incipient stage of a secondary structure seen to be developed ' in the

felspars of a gabbro, from Portsoy, Scotland, magnified 180 diameters.

(A similar structure has, on moi'e than one occasion, been mistaken
for the canal-system of Eozoon !) Certain isolated portions of the

felspar crystals appear to be attacked in this way, and every stage of

the process may be studied in different specimens, from the incipient

appearance represented in the figure to a structure closely resembling

the so-called micropegmatitic shown in fig. 8. I have not been able to

determine the mineral substance which forms these radiating and
plumose masses which penetrate certain portions of the twinned felspar

(see page 73).

Discussion.

The Chathman congratulated the author on his paper, and said

that he had no doubt the evidence of the fossil plants from the

associated leaf-beds would prove the rocks referred to to be of Older

Tertiary date. Mr. J. Starkie Gardner had procured very extensive

series of these remains, and was now engaged in working them out.

Mr. RuTLEY was very glad to find that the author objected so

strongly to the attempt at classifying igneous rocks according to

age. He thought that the term " diabase " might be dropped. The
structures represented in the diagrams were quite familiar ; but the

terms "granitic," "ophitic," &c., might perhaps with advantage

be replaced by " coarse-grained," " medium-grained," and " fine-

grained," the differences existing only in structure and not in con-

stitution. He alluded also to the diiferent phases of " micro-

crystalline " structure. A most interesting point was the distinction

between coarse-grained deep-seated rocks, less coarsely crystalhne,

and, finally, vitreous conditions of basalt, near the surface ; in this
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he thoroughly agreed. He cordially endorsed the high opinion

expressed by the author of the work done by Messrs. Hague and
Iddings upon Transatlantic rocks. He remarked that lavas of totally

distinct characters are poured out from the same vent, so that the

use of the term " petrographic province " seemed to be of rather

doubtful propriety. Glomero-porphyritic structure, he thought,

might perhaps be due to the breaking up of crystals, as occasionally

seen in glassy rocks. The cavernous structure of some crystals

was probably not due to corrosive action in the rocks. Palagonite

had been discussed some years ago, and its nature appeared to be

doubtful. Pelspar crystals were apparently not always the minerals

first formed in rocks of a doleritic or andesitic type.

Mr. J. Starkie Gardner said that he had been working for some
four or five years upon the question of the age of the leaf-beds

associated with the basalts in Ireland and the Western Islands of

Scotland. The conclusion at which he was arriving was that they

extended from pre-Eocene (although not Cretaceous) to Middle

Eocene times.

Prof. Boyd Dawkins remarked that the microscopical study of

rocks seemed to have led to much the same conclusions as the

earlier and rougher modes of macroscopic investigation- The rela-

tions of structure to heat and pressure in presence of water had
been made out before the more delicate methods of modern petro-

logical research had revealed the minuter details. The old classi-

fication of the rocks in its main outlines still holds good.

Mr. Teall said that all petrographers would thank Prof. Judd
for his detailed descriptions of the Tertiary igneous rocks of the

west of Scotland. The hesitation which many workers had shown
in accepting his views was probably due in a great measure to

the absence of detailed petrographical descriptions. He agreed

with the author that there was a distribution of igneous rocks

in space and time which could only be described in a satis-

factory manner when a classification based solely on the chemical,

mineralogical, and physical characters of rocks was established.

The introduction of geological age as a primary factor in classi-

fication obscured natural relationships, implied differences which

did not exist, and rendered impossible the accurate description

of the distribution in time of many important rock-types. In

limited areas there were differences which could be definitely con-

nected with geological age. The ophitie texture, for instance, was
especially characteristic of the pre-Tertiary basic igneous rocks of

Germany ; and absent, so far as the speaker was aware, from the

corresponding rocks of Tertiary age in the same area. It would be

a mistake, however, to regard this texture as a special characteristic

of pre-Tertiary rocks all the world over, or as of the smallest use in

fixing the age of a rock from any new locality ; for it was now
known to be a special feature of the dolerites of the north of

Ireland, the west of Scotland, and Iceland.

The Author, in reply, said that the term " gabbro " has been so

extensively employed that it cannot well be dropped. Mr. Eutley,
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he thought, had not quite understood the question of petrographical

provinces. Both acid and basic rocks occur in each, as he showed
from instances in Hungary and Bohemia. Glomero-porphyritic

structure might or might not be due to the breaking up of an
earlier-formed troctolite. Palagonite was certainly not a mineral,

but a hydrated glass. The final results of Mr. J. S. Gardner's work
would be very welcome ; the important point at present is that all

the rocks are later than Cretaceous. He agreed with Mr. Teall

that there is a distribution of rocks both in space and time.

a J.G.S. No. 165.
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7. Old Sea-Beaches at Teignmotjth, Deyon^. By G. Wakeing
Oemeeod, Esq., M.A., E.G.S. (Bead December 16, 1885.)

Teignmouth, consisting of East and West Teignmouth, is built

partly on the outcrop of the Triassic beds, and partly on a sandy
level that lies between them and the sea. The Trias can be traced

from near East Teignmouth Church, along the railway-cuttings, by
Orchard Gardens, to the bank of the Teign at the Old Quay. A
level gravelly district forms a triangle from near East Teignmouth
Church to the " Point" at the estuary of the Teign, thence to the

Old Quay, and thence to East Teignmouth Church. In carrying

out a scheme of drainage in 1885, the cuttings showed that at least

two series of beaches exist; and documentary and other evidence

prove that, except as to the surface, no change has taken place in

recent times. In 1044 Edward the Confessor granted Dawlish,
which included East Teignmouth, to his chaplaiu Leofrick. The
part referred to in this paper reached from the Point to the estuary,

by the coast of the harbour to the mouth of a rivulet called the

Tame, then known as " Crampan steoart," but now as "- Gale's Hill "

;

the boundary then followed the stream by the " Salterns," showing
that the sea then ebbed and flowed in that stream as it does now,
occasionally, at spring-tides, rising up into the streets, and also that

the stream of the Teign then passed on the south side of the valley.

After passing the "Salterns," the boundary left the rivulet and
crossed to the west of the church east of Teignmouth. (See

Davidson, Trans. Devon. Assoc. 1881, p. 113.) The Salterns,

which were situated in the Strand, were demolished in 1692, but
their remains were visible many years after (MS. of the late Mr.
E. Jordan, quoted by Dr. Lake, Trans. Devon. Assoc. 1874, p. 376).
Erom a view of Teignmouth on a map of Bingmore dated 1741, it

would appear that many houses then existed along the south side

of Teignmouth ; it may therefore be inferred that no perceptible

change of level has here taken place except that caused by the

formation of streets. As regards the north-eastern part, the case is

different : about fifty years ago a great part of the surface consisted

of a sandy swamp intersected by pools of water ; there were not

many dwellings ; one place was called Bat Island, another was known
as Erog-marsh Hill. About the year 1872 it was needful to pull

down two houses at the north-eastern end of the Triangle ; it was
then found that the party-wall was built over a very old granite

cross ; the shaft formed part of a chimney jamb, the base rested on
fine sand, about three feet below the surface, or on the level of high

water at spring-tides. This cross was unknown, and was probably

the old '' Market Cross " of East Teignmouth.

The cutting for the sewer commences, at low water, at Gale's HiU
and is carried in nearly a north-easterly direction to the sea-wall,

crossing Somerset Place, along Brunswick Street, at the back of the

Club, at the Queen's Hotel, along the east side of the Triangle, and
along Begent Street. A branch passes along Somerset Place and

Eore Street, with branches at Bank Street and Orchard Gardens

;
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and a sewer is carried along Wellington Street to Eegent Place ;

these are the chief places that will be noticed. Spring-tides rise

13 feet above low water.

In Somerset Place the surface is 15 feet above sea-level at low
water ; the cutting was 9 feet deep, and many sheUs, mostly much
worn, occurred at the bottom in dark loamy sand ; these were overlain

by brown sandy gravel 2 feet, hght brown sand 18 inches, brown
sandy gravel with smaU stones at the top 2 feet, and above clay

and earth ; a similar deposit was found at the south-western end
of Bank Street. The shells found were Bucciniim undatum,
Turritella terehra, ^^assa reticulata, Purpura lapillus, Patella vulgata,

Ostrea eclulis, the same with Earnacles, Solen siliqua, Mactra
stultorum, Gardium tuhercidatum, C. edule, Scroh'wularia piperata.

This deposit is apparently confined to the south-west of the Tame
rivulet. I had not an opportunity of seeing where this deposit

ceases and the following gravels begin ; but the distance is very
short. A few shells were found in the sand at the depth of 7 feet at

the junction of Brunswick Street and Carlton Place ; but the well of

the Club, a few yards to the east of this place, passes through 15 feet

of fine gravel without shells. The cuttings in Den Street and at

the back of the Queen's Hotel are through sand without shells
;

but at the southern angle of the Triangle a few bivalves occurred in

sand at the depth of 8 feet. At the meeting of Den Street, Orchard
Gardens, and Bank Street the cutting was through 7 feet of gravel

without sheUs. In Wellington Street, the continuation of Bank
Street, a few shells were found, and a little further to the north-east

they were found in Triangle Place, and thence through Eegent
Street to the sea-wall. The following shells were found in these

cuttings :

—

Littorina litorea, Patella vulgata, Mactra stultorum,

Scrohicularia piperata, Lutraria elliptica, Ostrea edidis (one of these

shells contained a pearl), Cardium edule, Mytilus eclulis. The
Littorina litorea was only found in two places.

The line of cutting shows three deposits of sand and gravel. The
first extends from the mouth of the Tame nearly, if not quite, to the

Trias in Orchard Gardens, and consists of a bed of rolled sheUs in

compact loamy sand overlain by beds of sand and gravel ; the second

is of fine sand hke sea-sand, and reaches to the Triangle ; the third

extends to the sea-wall, and contains shells which, with one excep-

tion, are delicate bivalves ; these occur near the bottom of the cutting,

and the sand did not appear to be divided into beds or layers.

The recent superficial changes will be noticed hereafter. A
deposit of fine sand similar to that cut through in Den Street seems
to have covered most of the district here mentioned, except Somerset
Place ; it occurs in the Triangle-cuttings, at the Club, in the found-
ations of the Baths and Market, and elsewhere. It is probable that

the deposit in Somerset Place, which must have been gradually

formed, was part of the oldest sea-board with which we are here

acquainted, and that this had been partly carried away by some
storm in days long ago ; that the light sands in the Triangle, with
shells, were deposited at a later date ; and these shells are so very
perfect and tender that this must have taken place in a calm sea.

h2
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This deposit was, in its turn, partly washed away, and sand without

shells deposited in hollows, as at Den Street, and over the denuded

beds at the Triangle and the other gravels. Any of these changes

are such as would he made by a strong equinoctial gale at the

present day, if the shore was not protected by sea-walls. Even now
the railway-wall was thrown down not long ago. The Den is

protected by sea-walls ; but these are occasionally, as in March 1884,

broken down by a storm, and the " Point " is, from time to time,

swept away, but is soon renewed. In former days grass was planted

to preserve the sand, and the parishes in the hundreds of Exminster

and Teignbridge were obliged to keep up the " Bulwarks of East

Teignmouth." (Dr. Lake, Trans. Devon. Assoc. 1874, p. 378.)

With respect to the present surface in the north-east, as before

mentioned, the base of an old granite cross, similar to most of those

on Dartmoor, showed that when it was erected the level of the

ground Avas about 13 feet above low water, or about the height of

spring-tides ;
judging from excavations that have been made, such

must have been the general level of the district. The marsh was

caused principally by the water of the Tame being backed up ; as,

except in heavy storms with an easterly wind, the sea does not

break over the sea-wall, which rises from 21 to 24 feet above low

water. In consequence of building and the drift sand the surface

has been gradually raised about three feet in later days : but it

rarely happens that any remains are found. I believe that the only

article found during the recent cuttings was a wooden post, 5 feet

long and 10 inches in girth, which was discovered in Holland Road,

7 feet below the surface. An iron halberd, probably of the sixteenth

century, was found in gravel two or three feet below the surface

during the excavations for the New Baths ; a description of this

is given by myself in the Transactions of the Devon Association, 1883,

p. 141.

For the determination of the shells, I am indebted to my sister.

Miss G. E. Ormerod ; for the levels, to the map in "The Report on the

Drainage of Teignmouth" by Dr. Lake, 1872 ; for the depths of the

cuttings, to Mr. G. Crow, Surveyor to the Teignmouth Local Board:

Discussion.

Mr. Champeknowne pointed out that the author's conclusions

ao-reed with those of Mr. Pidgeon, drawn from observations in a

neighbouring locality, inasmuch as they tended to show that but

little change of level had occurred since early historical times.

Evidently the beaches mentioned by the author were newer than

the raised beaches.

Prof. Boyd Dawkins remarked that there was similar evidence from

other quarters as to the permanence of our sea-margins since Roman
times. - The sea-level is proved by the position of the Roman harbours,

as for example, at Pevensey, to have been the same on our southern

coast as it now is. The evidence of depression on the opposite side

of the Channel, and in the Channel Islands in modern times, base(i

on submerged forests and legends, is unsatisfactory.
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8. 0)1 the AsTROCGENi^ of tli3 Sftton Stone and other Deposits of

the Infea-Lias of South Wales. By Prof. P. Maetin Duncan,

M.E. (Lond.), P.R.S., P.G.S. (Read J^ovember 4, 1885.)

[Plate VIII.]

A VERY well-preserved specimen of Astrocoenia gibhosa, nobis *, has

lately come to handwhicb was collected by the lateE. B. Tawney,Esq,,

F.G.S., and as it illustrates many interesting points in regard to the

morphology of the species, I have thought that a description of it

would be interesting to those Fellows of the Society who take an

interest in the Madreporaria of the Jurassic strata.

The specimen is gibbous and worn on the free surface, and it has

been carefully cut transversely and polished at the distance of an inch

from the top, The form has grown vigorously in some parts and more

slowly in others, and there are quite young as well as old corallites

to be observed in the colony. Except in one or two places, fossil-

ization has not interfered with the perfect preservation of the

structural details, and the originally hard parts of the coral are

represented by dense white mineral, while the interspaces are

filled with more or less transparent, dark, carbonate of lime.

On one side of the S])ecimen and on the upper surface close by,

are some corallites, which, as they are characteristically Astrocoenian,

may be noticed first of all. On the side of the colony the corallites

have been worn so as to show longitudinal views of their walls and

septa (PL VIII. fig. 1). The walls of adjacent corallites are united,

and it is only in one or two places that a very thin line of semi-

transparent calcite denotes that the fusion has been incomplete.

Elsewhere the walls of the corallites are perfectly united, the line

of junction being invisible. The width of the joined walls is small,

and it varies at diff'erent heights in the exposed portions ; some-

times the combined structure is as broad as one half, and in most

places it is about one fifth of the diameter of a cahce. These

measurements give the presumed width of the wall of each corallite

as one quarter, and as one tenth part of the diameter of the lumen
of the corallite. The walls are homogeneous and there is nothing

like exotheca or coenenchyma between them.

The natural section shows
_
that the corallites are of diff'erent

diameters and lengths, and that they are often slightly curved and
do not increase or diminish much in their course to the surface.

The septa seen in the longitudinal view are thin, slightly wavy
from above downwards, and sharply granular at their sides. There

is a small amount of endotheca. The walls can be traced to the

free ends of the corallites above, and to the sectioned corallite ends

at the polished surface below. It is evident that the coralHtes are

polygonal.

* Monogr. Brit. Foss. Corals, ser. 2, pt. iv. No. 1. Pal. See. 1867, p. 18.
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The calices and their margins at the upper ends of the corallites

the sides and walls of which have just been noticed, are slightly

worn down. The outlines of the transverse views of the corallites

thus given are more or less polygonal, and the walls between the

lumina of neighbouring corallites are very narrow, and are insepa-

rable, being perfectly united (fig. 2). In some instances the united

walls are not thicker than one of the slender septa, and are even less

than one tenth of the diameter of a corallite ; in others the thickness

is greater, but at this place in the corallum it never amounts to

one third of the diameter. Where the state of preservation is good
the crowding of the corallites and their thin walls, represented by
white mineral, are very striking, and recall the parts of some
modern corals when growing unusually quickly. The columella is

moderate in size, styliform, and fairly circular in exact transverse

section. The septa are remarkably thin, and in some places almost

linear, in others they are moderately stout. The longer septa are

variable in number according to the size of the corallite, and there

may be eight, nine, or ten of them. The smaller septa are placed

between the larger, and do not reach far inwards.

The surface of a polished transverse section of the colony made at

the depth of an inch from the free surface, presents many scores

of corallites, some cut transversely and others more or less obliquely

to their long axes. The details of the corallites are wonderfully pre-

served, and one cannot but be struck with the manner in which the

ancient crowding of the corallites has been rendered apparent by
the variation in the calibre of the insides, and in the varieties of the

polygonal outlines retained by the sections of the different indi-

viduals (fig. 3).

The shape of the corallites in transverse section is very different

in the several parts of the section of the colony. The portions

of the section which are evidently transverse and not oblique

show polygonal shapes, the lumen often being circular.

The shapes are often quadrangular, sometimes pentagonal, fre-

quently hexagonal, and rarely triangular. The quadrangular shape

occurs in lines, and the other forms evidently depend upon irregular

pressure during upward growth. Yery deformed corallite sections

relate to budding individuals and to those which have just become
independent of the parent.

The diameter of the corallites varies from 1-25 mm. to 2-25 mm.,
and these measurements refer to corallites which have their full

septal number
; one half of the dense tissue between the lumen

of one corallite and that of its neighbour is included in the mea-
surement. This one half represents the proper mural tissue of a

corallite. The thickness of the wall of the corallites measured
above is one eighth of a millimetre and one twelfth of a millimetre.

Thus the structure intermediate between the inside or calibre of

two neighbouring corallites is one quarter or one sixth of a mil-

limetre wide. In some parts, however, the width of the united walls

may be nearly or quite equal to that of the calibre of a corallite

(figs. 4, 5).
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The walls of the corallites are united and fused together, and there

is no intermediate structure in the form of exotheca or coenenchyma.

The marldngs in the hard part, the original calcareous tissue of

the corallite, which denote the costae, cross the wall as in typical

Astrocoenice.

The septa of full-grown corallites are twenty in number, and
there are ten which join the central, styloid, essential columella, and
ten much smaller which project but slightly into the calice : but some
of them may unite with the larger septa at no great distance from

the margin of the lumen. The larger septa in these perfect corallites

are without definite cyclical arrangement, and are nearly equal in

size. They are stout, straight, and slightly spinulose laterally, and
many have an enlargement midway between the margin and the

columella, but probably this is a result of fossilization. In some
corallites this thickening is universal, in others it occurs on some
septa only, and in many it is not seen. The smaller septa may unite

with the larger near the columella when gemmation is imminent,

and frequently no union is seen, in the largest corallites, between
any septa. Usually the small septa project very slightly inwards

;

and they do not invariably occur between the larger ones.

Longitudinal sections show a close ornamentation of horizontal

ridges and grooves on the septal laminae (fig. 9).

The path of the septa between the margin of the lumen of the

corallites and the columella is always distinct ; but the gradation

of the septa into costae is difficult of recognition in the section, and
principally because of the existence of radiating white markings

crossing the walls.

It appears, under a low power, that the majority of the whiter

markings are in relation to septal commencements at the margin of

the lumen of a corallite, and that they are usually continued on the

walls in a line with the normal position of costse which correspond

with septa.

But sometimes the markings are between the septa at the margin,

and do not correspond to costa?, and here and there the markings

are in continuation with the median line of a septum. Nevertheless

it may be said that the costoe are short, cover the walls, and inter-

digitate with those of the septa of the neighbouring coraUites.

There is no exotheca between them (fig. 6).

The columella is circular in outline in the transverse sections of

corallites ; it is usually a third of the diameter of the lumen, and is

more when fossilization has added to the material of the coral.

Sometimes there is a ledge of endotheca, or stereoplasm, around the

columella, and it is evident that while in small calicos the structure

of the columella differs but slightly from that of a junction of septal

ends, in most it is a well-differentiated structure. A few calicos

have the columella slightly elongated in transverse section. In the

instances of gemmation the columella soon appears and is circular

in outline, while that of the parent is often deformed.

In smaller corallites than those which have been described, the

septal number varies ; there may be seven or eight large septa in
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calices about one half of the diameter of the largest. These septa

reach the columella. Usually, but not invariably, there is a very

small septum between two of the larger. Still smaller corallites

have six primary septa and six very small secondary ones (fig. 7).

In no instance is there a second or third small septum between
two larger and primary septa. The endotheca is scanty and the

" dissepiments stretch from one septum to its neighbour here and there,

but the calibre is never partitioned off.

As, on account of the close contact of the walls of corallites, gem-
mation can only take place on the walls and from within the calice

close to the margin, it is not readily discovered in sections. The
best examples show a considerable increase in the diameter of the

corallite and the formation of a bud with six or seven large and
some small septa, the septa and columella of the parents being

somewhat confused and elongated (fig. 8).

There are many broken corallite-ends to be seen on the upper

part of the mass, and their being continued from those already

described is evident. But with approach to the surface the thick-

ness of the united walls usually diminishes.

In one little spot some perfect calices have been preserved, and,

although weathered, they show most unmistakably the Astrocoe-

nian character. The united walls are narrow and give indications, in

every instance, of a polygonal outline. There are varying amounts
of enlargement and swelling of the top of the walls, over which the

costse cross after the manner of those of other true Astrocoenice *.

There is no separation of the corallite-walls, and there is no instance

of gemmation to be seen there.

The calices are shallow, and the columella projects slightly, and
there is no crateriform and conical elevated margin.

There are some very good specimens of Astrocoenia gihhosa in the

Museum of Practical Geology in Jermyn Street, and in one the

variability of the size of the calices and of the thickness of the

united walls at the surface is considerable. The polygonal shape of

the terminations of the corallites is almost invariable, and when a

lumen appears to be circular or nearly so, it is evident that it is

included in a polygonal corallite.

The intercalicular structures, that is the united walls, are raised

very generally at the corners of the calices, and the local swelling is

very decided and gives a very uneven appearance to the surface.

The usual dimensions of the calices is (lumen) 1 mm. ; and the width
of the united walls may be one half or one third of a millimetre.

In another specimen the variability of the size of the calices is

striking ; but they are pentagonal in outline and not circular.

The united walls are thinner than in the other specimen, and are

usually about one fourth of the diameter of the lumen of a calice.

They are raised into decided elevations at the corners of the

calices.

* No Astrocoenian has all the septa of one cahce blending with those of an-

other (Quart. Journ. Geol. Soc. vol. xxxix. p. 558), and no Jurassic species has
four cycles of septa.
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The costse are crowded, and those of one calice pass on to the wall

of the next corallite and interdigitate "with its costse.

A most instructive, much worn specimen, which was an old

colony at the time of fossilization, is in the Museum, and in the

section which has been made, it shows a few corallites cut through

transversely. The lumen of one corallite is separated from that of

the next one by a distance equal in breadth to the diameter of

the lumen. The cause is thickening of the united walls. There

is no exothecal cellular growth between the corallites, and they are

united by their thickened walls. The width of the united walls of

neighbouring corallites is very considerable in a specimen in the

Bath Museum, on which a Cyatlioccenia and an Ostrea are seen. In

some places in the fossil the corallite-walls are thin, the spaces

occupied by the septa and columella are small, and the lumen is

often circular, especially when the walls are thick.

It is to be noticed that the transverse section of the lumen of a

corallite is often circular ; but the old corallite is none the less poly-

gonal in transverse outline. It is evident that thickening of the

walls occurred only during the growth of the coral, but it is appa-

rently sometimes increased by the subsequent infilling of the outer

parts of the corallite-cavity during fossilization.

The last specimen to be noticed in the Museum in Jermyn Street

has the calices smaller than in the type, and some of them are trian-

gular in outline, all the others being pentagonal, hexagonal, or

square with rounded angles. The distance of the calices varies, and
in some places the walls are thin and in others thick. The circular

lumen, when it occurs, is within a polygonal wall in section. The
costae are unusually long in some parts where the walls are thick.

In all the forms the Astrocoenian type is maintained.

AsTROC(ENiA. iNsioNis, uobis, oj). cit. p. 19, pi. ix. figs. 1 and 2.

There is a specimen of this well-marked Astrocoenia in the Museum
of Practical Geology, and it presents the structural peculiarities

which are to be seen in the tyP®? which is in the Bath Museum.
The calices are close in places and wide apart in others, and in the

first instances they are pentagonal in outline, while in the others

they have a circular lumen, and this is within the polygonal waUs of

the corallite. The position of the junction of the corallite-walls at

the surface is clearly indicated, but there is no structure between
them.
The width of the united walls gave a very decided aspect to the

type, especially as the costa) were stout at the end and were on

the free surface. This is seen in the specimen now under con-

sideration, and yet the opposite condition is noticed in parts.

ASTEOCCENIA. PARASITICA, Uobis, OJ). Clt. p. 20, pi. V. figS. 5, 6.

The type of this species is in the Museum of Practical Geology,

and it has been carefully reexamined. The coral encrusts foreign

bodies, and, in the instance of the type, a Palaeozoic coral is the
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resting-place. The width apart of the calices has been remarked
upon, but it would be consonant with the truth to state that the

calices have been worn down, and that what are now seen are trans-

verse sections of corallites produced by wear and weather. If the

specimen is compared with the section of an aged form of^. gihhosa,

the resemblance in the position of the lumen of the corallites becomes
evident. Some of the spaces marked by the septa are wide apart,

and others are closer, and there has been infiltration of calcareous

matter into the cavity of the corallite, which diminishes the calibre

of the lumen.

In some places the lumen of a corallite may be separated from
that of another by a space equal to one quarter of its diameter, in

others by a space equal to a whole diameter. But no intermural

cellular coenenchyma can be traced, and it is evident that the whole
structure occupying the space is mural, that the thick walls are in

contact, and that they were inseparably united during life. The
circular appearance of the lumen of a corallite is deceptive, and it is

evident that the joined corallites were polygonal. Probably the

type was a slow-growing colony, and it is quite possible that a

number of individuals settled closely together, and that they united

by their walls ; for it is not explicable how gemmation from one

parent could have produced a wide and low form *.

ASTEOCGEI^IA PLAl^A, UoHs, Op. cit. p. 19, pi. V. fig. 1.

The type of the species is in the Museum of Practical Geology,

Jermyn Street. It is in sufl&ciently good condition to show the

polygonal shape of the corallites at the calicular surface, and to indi-

cate that the calices are rather deep and separated by a varying

width of more or less tumid, and invariably raised, united walls, over

which rather long costse pass. The breadth of the polygonal corallites

is less than in A. gihhosa, and the comparatively flat surface of

the corallum permits of great regularity of the lines of the calices.

In no instance are there circular corallites in the central and other

parts of the surface, where there is the usual crowding ; and usually

there is no great distance between the lumen of one corallite and that

of another, except where there is a space with three or four calices

in a group. The outlines of the cora^llites may be hexagonal or

nearly square ; and whilst three of them, with the walls, occupy a

length slightly over three millimetres, the intermediate walls may
be one third of the width of a calice, one half, or, in rare cases, two
thirds. In the majority of instances the wall is only one sixth of

the diameter of a corallite.

The fossilization has filled up much of the corallites, and the colu-

mellas are therefore larger than normal. This may lead one astray

in dealing with the number of septa which normally unite with the

columella. The following are the numbers of septa in difi'erent

calices:—(1) 10 septa all uniting with an enlarged columella ; (2) 10

* See Journ. Linn. Soc. Zool. vol. vii. p. 365, 1883, for some remarks on
the origin of similar colonies.
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septa, six uniting with the columella
; (3) 14 septa, one half reaching

the columella
; (4) 8 septa, all long

; (5) 10 long septa
; (6) 5 long

and 5 short
; (7) 12 septa, but the fossilization prevents the short

ones being separated from the long.

No cyclical arrangement of septa exists, and in no instance is

there more than one short septum between two longer ones.

The costse are of the same width as the septa, and usually pass

between the costse of the adjoining corallites and reach over the

walls of the neighbouring corallites.

Unfortunately the specimen is too low to have a section made
;

but Mr. JS'ewton was good enough to have a part of the calicular

surface ground and polished. The polished surface is not very

satisfactory, but there is enough to be seen to show that the trans-

verse sections of the corallites are mostly polygonal in outline,

and that the walls of contiguous corallites are simply united with-

out there being any coenenchj-ma between them. The combined
walls of neighbouring corallites vary in thickness, and it may be

one quarter or one third or one half of the diameter of the lumen of

a coraUite, so that the thickness of one wall is not great. The shape

of the lumen of a corallite in transverse section is more polygonal

than circular, and the diameter varies. The condition of fossilization

interferes with the comprehension of the septal development in most
corallites ; but it would appear that there is great variety in the septal

number. In all the corallites, when there are large and small septa,

the latter are single and not in numbers between two long ones. The
short septa are either straight or curved towards the larger. There
is 'no cyclical arrangement and, except in one corallite, which is

very badly preserved, there is no instance of more than twenty
septa. In this particular corallite the costoe only are seen, and they
indicate the presence of 24 septa. In other corallites eighteen is a

common number, of which eight are small and short, the others

reaching the- columella. Eight long septa with four short ones is

a common combination, and there is still no perfect alternation of long

and short septa, the short ones being between four pairs of long ones

only. In another instance there are nine long septa, and one not

quite long enough to reach the columella ; besides these there are

seven small septa, and three pairs of long ones have no septa between
them.

It is evident that all the septa of the calices are not preserved at

the free surface of the specimen, for the rubbed-down surface shows
sections of corallites with more numerous septa than in the calices

;

but the number is not in excess of twenty-four.

The costal markings in the section show that the costce are con-

tinuous with the septa, that the costse of one coraUite alternate with
those of its neighbours and reach over the united walls to come close

to the lumen. The length of the costae is in relation with the width
of the united walls. The costas are more distinct and longer than they

are in A. gihhosa. The gemmation of A. plana takes place within
and close to the calicular margin.

The figure given in Quart. Journ. Geol. Soc. vol. xl. plate xix.
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fig. 2, under the name of Stylastrcea plana, Dune, sp., does not

correspond with the type of A. plana. It is not that of an
Astrocoenian, for its septal arrangement, short costse, thin walls,

and intermediate coenenchyma are not characteristic of the genus,

and they are not present in any of the Infra-Liassic forms I have
described. The figure is unlike a section of any species of Styl-

astrcea (see the short costse).

ASTEOCCENIA COSTATA, UoMs, Op. Clt. p. 21, pi. ix. figS. 15-17.

This species has all the generic characters of Astrocoenia. Never-

theless it has been placed in the genus Stylastrcea, E. de Prom., and
it has been stated to be synonymous with >S. sinemuriensis, E. de

Erom., in consequence of the presumed resemblance of the published

figures of the Erench and "Welsh species. The following statement

is made in "A Critical and Comparative Revision of the Madreporaria

of the White Lias," &c. (Quart. Journ. Geol. Soc. vol. xl. 1884,

p. 370) :
—" Any doubt that may exist as to the identity of S. sine-

muriensis, E. de Erom., with Astrocoenia costata, Duncan, will be

readily removed by comparison of fig. 7 of the former (Martin, Infra-

Lias de la Cote d'Or, p. 94, pi. viii. figs. 6, 7) with fig. 16, of "fehe

latter species," in Pal. Soc. Corals of the zone of A. angulatus,

pi. ix. figs. 15-17.

Palaeontologists occasionally see difierently, and therefore it is as

well to read the descriptions of the forms which are represented in

the drawings. It will then be noticed that the figures are not

drawn on the same scale, and the calicos which are stated to be

identical are not of the same dimensions in nature. The Erench
form is double the size of the Yv^elsh. The fiat view of the Stylas-

trsean prevents its projecting calice being shown; and this, in nature,

is different from the depressed calice of the Astrocoenian. The costae

of the two forms, as shown in the figures, are positively different.

The septa of the two forms differ in their number and cyclical arrange-

ment. The figures, instead of confirming the identity, emphasize

the distinctness of the forms, and this is still further proved by an

examination of the morphology.

The thin walls and intermural cellular structure or coenenchyma

of Stylastrma are not present in the Astrocoenian. Astrocoenia

costata, nobis, is quite distinct from and totally unlike Stylastrcea

sinemimensis, E. de Erom.

AsTEOC(ENiA STJPEEBA, uobis. op. cit. p. 21, pi. ix. figs. 3-5.

This well-marked Astrocoenian has fine costae, and it is only

necessary to remind those palaeontologists who have seen and handled

the form in the Museum at Bath, that the artist has chosen for illus-

tration a part of the corallum in which the costae do not interdigitate

so much as elsewhere. This species is stated, in the critical memoir
above cited (p. 370), to be identical with Stylastrcea Martini, E. de

Erom. " After an examination of the type specimen of A. superba,"

says the author, " I am perfectly satisfied of its identity with the

previously described Stylastrcea Martini, E. deErom., to which species
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I therefore refer it." As no reasons relating to the morphology of the

forms are given, the following facts may'show that the two species are

perfectly distinct and belong to different genera. It is right that I

should state that since this synonymy has been asserted, I have

again carefully examined my old type at Bath. Its calicos are one

half of the dimensions of those of S. Martini, and the cyclical arrange-

ment of the septa seen in the Stylastraean is not present in the

Astrocoenian, which has the usual ten long and ten short septa of adult

Astrocoenice. The method of gemmntion differs in the forms, and the

projecting calice of the St3^1astr8ean and the exotheca between its

walls are not present in the Astrocoenian. Astrocoenia superha, nobis,

is therefore distinct from the form described by M. de Fromentel,

a form with which I was acquainted when I wrote the Memoir for

the Palaeontological Society in 1867.

AsTEOC(ENiA MiNUTA, uobis, op. cit. p. 22, pi. ix. figs. 18-20.

The polygonal corallites, rarely with circular and usually with

polygonal calicos, separated by no great amount of united wall, are

thoroughly Astrocoenian. The calicos are small and deep, and they

do not project after the manner of Stylastrcea ; on the contrary, they

are separated by raised edges and are deep. The paliform teeth

which were described by me, are large and are on the septa, and
the columella is small. There is no better example of an Astro-

coenian, and it is impossible to admit the species into a genus with

which it has no alliance. The species has been called a Stylas-

traean in the critical essay mentioned above, and the resemblance

to a Stylina from Azzarola and to the typical species of Haldonia,

nobis, has been asserted in the same communication. The paliform

teeth were mentioned by me, and the small size of the calicos also

as the distinctive characters, although this does not appear from the

'criticism of the corals of the White Lias, &c. p. 371.

It is stated there that " both show a remarkable resemblance in the

above respect to the coral from the Greensand of Haldol], which has

been made the type of the genus Haldonia by Prof. Duncan." The
words "above respect *' refer to "the paliform tooth on each septum
in close proximity to the columella." Now in the first place, in its

structural characters, Astrocoenia minuta is generically distinct from

any Stylina from Azzarola, and it is evident that if the form
were a Stylina, it could not possibly be placed in the genus Stylas-

trcea. Then it is to be noticed in the description and drawing of

Haldonia Vicaryi, nobis (Quart. Journ. Geol. See. vol. xxxv. p. 91,

pi. viii. figs. 2, 3), that there are pali before the primaries. The pali,

as seen in the plate, are remarkable for their rugged sides, and they

are not paliform teeth or appendages to the upper and inner parts

of septa, but independent structures. There is therefore no struc-

tural resemblance between the paliform teeth of Astrocoenia minuta

and the true pali of Haldonia, a genus which is moreover different

from Astrocoenia, for it has no columella and the dissepiments are

almost tabulate.

I replace Astrocoenia mioiuta, nobis, in its original position.
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AsTEocoENiA PEDimcTJLATA, nobis, op. cit. p. 20, pi. V. figs. 7-9.

Mr. Tomes further states (p. 371) that he is only acquainted

with this species "through Prof. Duncan's figures, and a very

cursory inspection of the type specimen ;
" but he places it in the

genus Stylastrcea. The form has none of the characters of the last-

named genus, and the space between the calices is not filled

up by thin walls with intermediate coenenchyma, but by thick walls,

united inseparably and without any exothecal structure between
them; therefore the description I gave of the form is correct

and the classificatory position also. Astrocoenia pedunculata, closely

allied to A. parasitica, nob., remains a member of the Infra-Lias

fa-una.

Finally Astrocoenia favoidea, nob., is singularly Astrocoenian, and

the narrow united walls and polygonal calices are characteristic.

Conclusion.

The whole of the specimens of Astroccenice which have been

noticed in this communication, and all the others which were de-

scribed in the Palseontographical Society's Monograph already alluded

to, have the generic characters of Astroccenia well shown. The pris-

matic corallites united by their thick wallsTin the adult condition,

the small calices usually polygonal in outline, the essential styloid

columella, and the number of alternate long and short septa, are

easily recognized.

The character of the costse is that of typical Astrocoeniw, and as

the width of the intercalicular walls varies, so the length of the

costse is not the same everywhere. The gemmation is either just

within the calice or on the top of the wall close by (fig. 8).

In no instance are the walls joined by exothecal structures.

There is no coenenchyma between the walls. The septa are not in

an}^ cyclical arrangement, and several septa are not seen between

two long ones which reach the columella. In no instance have

the calices conical crateriform shapes and raised thin and projecting

margins. There are none of the special generic characteristics of

Stylastrcea or of Stylina present.

- It appears that, owing to greater or less vigour of growth and to

the influence of crowding, the corallites may be perfect hexagonal

prisms, or irregularly polygonal in transverse section, and that the

walls of corallites in the same corallum may be very thin at the

calicular surface and thick lower down, or thick at the calicular

surface and forming with their joined neighbours a mural or

intercalicular coenenchyma of varying width (figs. 1-5) *.

^ These joined walls form mural coenenchyma, and it resembles that of

PociU&pora and some of the Oculinidae, especially of the base of Amphihelia

and the stem of Astrohelia, figures and explanations of some of which were

given by myself in 1865, and long previously by Milne-Edwards and Jules

BTaime (Introductory Monograph, Pal. Soc. 1865-6, pi. iii. figs. 8, 9; Hist.

Nat. des Corall. vol. i. pi D, 1. fig. 8 a). The term mural coenenchyma and
its equivalent intercalicular coenenchyma were used by those authors in 1857.

It is totally distinct from the intermural coenenchyma of such forms as the
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Fossilization has rendered the original hard parts of the corals

very dense and white ; where there has been exposure to weather

the tint is reddish or rusty. The original interspaces, or the inter-

septal loculi, are jBlled with a more or less transparent calcite, which
is often coloured. Some of the septa and the columellae of some

corallites have been enlarged, as it were, by the accretion of dense

white mineral, and the swollen appearance thus given is very

curious. In places a deposit has diminished the diameter of the

cavities of the corallites. The endotheca is in small quantity, and

the septal laminae have parallel ridges on them, which, in longitudinal

sections, contrast remarkably with the dense structureless fused

walls which form the mural coenenchyma (fig. 9).

This examination of a new specimen of Astrocoenia gibbosa,

nobis, and the reexamination of the types of the other species of

Astroccenia, which were described in the " Monograph of the Corals

of the Zone of Ammonites ancjidatus " (Pal. Soc. 1867), proves that

there is nothing to justify the forms being removed from the genus

in which they were placed by me.

It has been shown that in the younger parts of the Astroccenice

the thick united walls of the adult stage are replaced by thin and
narrow walls, and that the calicos are shaUow and not on the top

of conical elevations. It has been confirmed that the septal arrange-

ment is peculiarly Astrocoenian, and that perfect cycles of septa

are not to be determined after the form leaves the young condition.

The gemmation of A. gibbosa has been shown to conform to the

Astrocoenian arrangement, and to take i^lace, not between the walls

(for that is impossible), but where it was stated to occur in the

former Monograph. The growth of a bud is shown to commence
within the range of the septa or at the margiii of the lumen of a

corallite.

Finally there are none of the characteristic structures of StylastrcBa,

E. de Erom., in the Infra-Liassic forms which were described as

Astroccenice by me in 1867.

DESCKIPTION OF PLATE YIII.

Fig. 1. Astroccenia gibbosa. Duncan, part of a corallum (colony), showing the

walls of adjoining corallites united to form a dense homogeneous
mural ccenenchjma, c, except where a narrow Une between the walls

indicates incomplete fusion. The dark portions are interseptal

loculi, a. x5.
2. Calices more or less worn. X 12.

3. Part of a transverse section of the corallum. x3.
4. Longitudinal view of a part of the corallum where growth has pro-

StylLnacese, where (take the instance of Stylina Belabechii) there is a greater

or less amount of exothecal cellular growth between the walls of corallites.

The drawing of the Htylina (in Brit. Foss. Corals, Ed. & Haime, Pal. Soc.

Oolitic Corals, pi. xv. fig. I) illustrates this intermural cellular coenenchyma, and
a similar structure was admirably figured by De Wilde in the Monograph
on the Brit. Foss. Corals, 2ud ser. Pal. Soc. 1866, pi. vi.
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ceeded longer than in the part represented in fig. 1, showing a wide
mural coenenchyma without a trace of the once separate walls, their

fusion being complete. X5.
Fig. 6. Corallites in transverse section, showing mural coenenchyma. X 5.

6. The costae of adjacent corallites from a transverse section. X 12.

7. Section of immatvire corallites. XlO.
8. A corallite budding within the lumen, and defiormatiop of the parent.

X5.
9. Ornamentation of the sides of septa and the mural coenenchyma (c),

X5.

(Drawn from nature.)

(For the Discussion on this paper, see p. 142.)
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9. On the Strtjctttre and Classipicatort Position of some Madre-
poRARiA from the Secondary Strata of England and South

Wales. By Prof. t. Martin Duncan, F.E.S., F.G.S., &c.

(Read November 4, 1885.)

The Madreporaria of the Secondary strata of England were first

described in the volumes of the Palieontographical Society by MM.
Milne-Edwards and Jules Haime *, and some supplementary mono-
graphs were written by the author of this communication and
published by the same Society during 1866-1872.

Ten years after the appearance of the last of the monographs a

series of papers was communicated to this Society by Mr. R. E. Tomes,

E.G.S., and these contained descriptions of new species and genera,

besides numerous criticisms of the work of the great French authors

and of my own labours. The criticisms occupy considerable space

in the ' Quarterly Journal of the Geological Society.' Many of

them have been answered in a " Revision of the Families and

Genera of the Sclerodermic Zoantharia " t ; but the time has now
come when a reply should be placed before this Society.

As there was no particular order in Mr. Tomes's communications,

it is proposed to consider them in geological order, and the first to

be noticed is entitled " A Critical and Comparative Revision of the

Madreporaria of the White Lias of the Middle and Western CountiOvS

of England and of those of the Conglomerate at the Base of the

Welsh Lias" (Quart. Journ. Geol. Soc. vol. xl. 1884, p. 353).

In this communication a number of genera and species were
passed in review, and amongst them the species of the genus Astro-

ccenia, which were described by me in the ' Monograph of the

British Fossil Corals,' 2nd series. Pal. Soc. Lend., part iv. no. 1,

1867.

Some of the species described were very typical of the genus, and
most of them proved that, owing to a greater vigour of growth in

some places than in others, the united walls were thin and else-

where thick, and that the calicos were pentagonal and here and
there circular in outline. In no instance could a thin wall be found

around a calice separated from the walls of neighbouring calicos by
a cellular or coenenchymal tissue. All this can be readily seen in

the types, and the delineations by De Wilde are very fair.

In an essay J on the Madreporaria of the Great Oolite, which pre-

ceded that now under consideration by a year, the following footnote

appeared. Mr. Tomes wrote :
—" I take the present opportunity

* Pal. Soc. Lond. 1850 and 1851.

t Journ. Linn. Soc. Lend., Zoology, vol. xviii. (1884), "A Revision of the

Families and Genera of the Sclerodermic Zoantharia," &c. As this book will

be frequently referred to, it will be termed ** The Revision of the Genera."

I
Quart. Journ. Geol. Soc. vol. xxxix. 168, &c., p. 187.

Q. J. G. S. No. 165. I



114 PKOF. P. M. DUNCAI^ ON THE STKUCIUEE AND

of observing that I regard some of the so-called Astrocoenice from
the South-Wales Lias as clearly referable to another genus." No
reason was given and no argument was brought forward in order

to substantiate this statement.

In the communication now under consideration (p. 369) the

author, ignoring the morphological arguments brought forward by
me * to explain the placing of the Infra-Lias forms in the genus
Astrocoenia, wrote as follows :

—

" Genus Stylastejea, E. de From.

" This genus was created in 1860 by M, de Fromentel for the

reception of two species of composite corals from the Amm.-angu-
latiis beds of the Lias of the Cote-d'Or. It is characterized by
circular calices, ivTiich are not united hy their walls f, but by ccenen-

chyma, having costse which are non-confluent and denticulated, by
septa which are exsert and strongly denticulated, aind by a well-

developed and styliform columella. That some, if not all, of the

so-called Astrocoenice from the Sutton-Stone and Brocastle deposits

in South Wales are referable to this genus, whatever may be its

affinities, I do not entertain the least doubt."

The affinities cannot be omitted, however, from the argument,
and, moreover, the above diagnosis is incomplete.

It does not give the whole of the facts, and they will be found in

De Fromentel's ' Introduction a I'etude des Polypiers Fossiles,' 1861,

p. 223 :
—" Ce genre correspond exactement aux Stylines et n'en

diifere que par ses cloisons dentees." He gives the following posi-

tive diagnosis :
—" Corallum of a rounded form. The calices pro-

ject, are circular, and united by the great development of the

costae. The costse are broad, and pass to meet, but not to become
confluent with, those of the neighbouring corallites. The septa are

regularly and strongly dentated ; the columella is styliform and
well developed. The walls are not hidden by the septo-costal rays.

The gemmation is between the calices." The species were first

of all described by De Fromentel in Martin's ' Infra-Lias de la Cote

d'Or,' p. 94, pi. viii. ; the position of the gemmation is indicated,

and it is clear that the walls of the corallites are united by more
or less cellular exotheca, constituting a coenenchyma, as in Stylina.

The species of Stylastrcea have projecting circular calices, a

great development of the costse, thin walls united by a coenenchyma,

and extra-calicular gemmation. The arrangement of the septa is

in definite cycles.

The Stylastrseans are nothing more than Stylinae with dentated

septa, and the South-Wales corals which were placed in the genus

Astrocoenia are genericaUy distinct from them.

This may be understood from what has already been stated above,

and the proofs are also to be found in a communication "On the

Astrocoenise of the Sutton-Stone and Equivalent Deposits of the

Infra-Lias of South Wales," which precedes this reply. In that essay

* Op. cit pp. 24-26. t The italics are inserted by the author of this reply.
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the whole of the species are replaced in their original generic environ-

ment {ante, p. 101).

Genus CrATHOccENiA, Dune.

This genus is criticized by Mr. Tomes {pp. cit. p. 372), and is

said to be the same as PJtylloccenia, Laube. But an examination of

Phyllocoenia, Laube, shows it not to be the same as Pliylloccenia,

Ed. & H., which had precedence in time, and to which Laube reaUy

intended to refer his form.

Cyatliocoenia differs from the form described by Laube under the

generic title of Phyllocoenia, which it had not properly, for in the

St.-Cassian form there is a remarkable development of the exotheca,

which forms a double wall to the coraUites. This takes the genus

into the neighbourhood of Diplocoenia, E. de From., and far away
from Cyathoccenia. The form described by Laube has been the

subject of comment in the " Revision of the Genera of Madre-
poraria" (Linnean Soc. 1884), and it is now included as a new
genus, Koilocoenia. CyatJiocoenia^ nobis, therefore remains as a genus

of the Infra-Lias.

" Cyathoccenia decipiexs, Laube, sp." (R. F. Tomes, op. cit. p. 372).

This is the name given to a single specimen. The figure shows

that the specimen may belong to a species of the genus CyatJiocoenia,

in which Mr. Tomes has placed it ; but it is not of the same
species or of the same genus as the form described under Pliyllo-

ccenia clecipiens by Laube. It is very curious that the peculiar

structure of the double wall of the St.-Cassian form did not strike

Mr. Tomes, for it is well drawn by Laube, and its existence separates

the form from Phyllocoenia, auct., and Cyathoccenia. C. decipiens,

Laube, s^.^= Phyllocoenia decipiens, Laube, is therefore not a member
of the Infra-Liassic fauna at present, and the scanty details of the

figure (E. F. Tomes, op. cit. plate xix. fig. 3) indicate that the speci-

men is a very indifferent one.

Genus Thecosmilia, Ed. & H.

The interesting peculiarities of the species of this genus, which
are found in the Sutton-Stone, Brocastle, and other Infra-Lias

deposits, and their comparison with the allied species from St. Cas-

sian, were fully considered in my Monograph published by the Palae-

ontographical Society* and in a paper read before this Society f.

There are some exceptions taken to my work. In the first place

Mr. Tomes asserts that Thecosmilia Martini and T. Michelini (both

found in the Hettangian of Europe) are absent. But both of these

well-marked Infra-Lias species were figured and described by me
in the Monograph ; and they came from the late Mr. C. Moore's

collection, and are now in the Museum at Bath. They are important,

for their presence diminishes the value of Mr. Tomes's data, which
would give a Triassic age to the Sutton Stone and associated deposits.

* Brit. Foss. Corals, 2ncl ser. pt. iv. 1SG7, p. 11.

t Quart. Journ. Geol. Soc. vol. xxiii. p. 12.

i2
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Mr. Tomes {op. cit. p. 364) omits to mention that T. rugosa,

Lanbe, was first recognized by me as a British fossil and: described

and drawn in the ' Monograph on the Possil Corals ' from the zone

of Ammonites angulatus (Pal. Soc. 1867, p. 13). The figures in the

Monograph show the characters of the species, but no additional

knowledge is given in the memoir under review, and, in fact, the

illustration in the Quart. Journ. Geol. Soc. vol. xl. pi. xix. fig. 1,

might serve for several species. There is nothing distinctive about

it, except the stunted form to which attention was drawn nearly

twenty years since.

Thecosmilia Hoeneri, Laube.

This is recognized in the essay under consideration from a cast,

and a drawing is given of it (pi. xix. fig. 8). It is compared
with some forms described in the "Monograph of the Corals,"

zone of A7nm. angulatus (Pal. Soc. 1868, pp. 67, 68, figs. 3 and

6), and they are said to be unfavourable examples of casts of the

same species. But whilst the figure 6 difi'ers totally from that given

by Mr. Tomes, figure 3 illustrates what is very evidently a cast of a

young coral which cannot possibly be named. The evidence of the

occurrence of T. Horneri, Laube, in the British fauna is insufficient.

Thecosmilia coneluens, Laube.

It is perfectly well shown by Mr. Tomes (op. cit. pi. xix. fig. 7)

that the fragment upon which this species was attempted to be

placed in the White Lias of England, is not a portion of a Theco-

smilian.

Thecosmilia mieabilis, Dune.

It is distinctly stated (Pal. Soc. 1867, Monogr. Brit. Poss. Corals,

pt. iv. p. 12) that the corallites do not increase by fissiparity, and

the figure (pi. ii. fig. 10) proves that gemmation occurs.

Thecosmilia seeialis, nobis.

This well-marked species was well drawn by De Wilde in my
Monograph. The coral was mistaken by Mr. Tomes for a species

of Elysastrcea, and subsequently acknowledged by him to belong to

the species under which I had placed it.

Subgenus Cladophtllia, Ed. & H.

MM. Milne-Edwards and Eaime notice that this group is not very

sharply defined from that called TJiecosmilia, Ed. & H. In the "Ke-

vision of the Genera " the species formerly admitted into it are placed

in Thecosmilia, in the subgenus CladopJiyllia. One of the characters

of the old genus was that the calicos are deep (Hist. Kat. des Corall.

vii. p. 363), yet some shallow-caliced forms found by Mr. Tomes are

placed by him in it. This cannot be correct, and the form he

alludes to on p. 367 as C. sublcevis, Laube, is undefinable.

Genus Elysaste^a, Laube.

Two species of this genus were determined by me to occur in the
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Sutton stone, and one was clearly the same as that described by
Laube from St. Cassian *. The other was specifically distinct, and it

had fewer and stouter septa in calices of the same size as those of

the other form ; moreover the separation of the corallites was more
definite. On due consideration I do not feel disposed to abolish the

second species {E. Moorei), especially as a remark in the memoir on
" the Madreporaria of the Lias" leads to the belief that its author

is not treating of the genus. He compares parts of the corallum

with Laiimceandra, with which the types have no affinity. I there-

fore retain both of the species of Elysastrcea.

Genus Montliyaltia, Lmx.

MONTLIYALTIA SIMPLEX, uobis.

This species was described and figured in the " Monograph on the

Corals from the zone oi Ammonites angulatus,'' p. 9, pi. iii. figs. 16

& 17, and is admitted by Mr. Tomes in his criticisms on the corals

of the zone ; but a remark is appended to which exception must be

taken. It is stated that the " much elongated form of the calice,

and the angle observable in some of the septa, are merely the result

of pressure."

The shape is not much elongated, only moderately so, and the

cause was the special method of growth of the cycles of septa, ex-

amples of which are seen in modern simple corals, such as Caryo-

phyllia. The shape of the ends of the septa depends on growth,

and is seen in many species even of cylindrical form. The shape

has nothing to do with pressure after death.

MoNTLivALTiA "Walll^, nobis.

The author of the paper on the Lias corals admits this form, and
adds that the describer " might further have noted the continuity of

the older septa from the outer rim through the inner wall in the

calice proper." In the very next sentence it is remarked that this

is "well shown in Prof, Duncan's figure;" but the critic goes on

to state that this (Monograph cit. pi. viii. fig. 6) " is a good illus-

tration of rejuvenescence." As this expression will have to be con-

sidered elsewhere in this reply, it is only necessary for me to remark
here that it is nothing of the kind, being an instance of that endo-

thecal growth which Lindstrom has called " stereoplasm."

MoNTLivALTiA POLTMORPHA, Tcrqucm and Piette.

This is figured on pi. viii. of my Monograph. There is no

better example of a Montlivaltia than in fig. 1. Pig. 13 shows

two forms springing from the same base. Mr. Tomes, although he

admits that he cannot make out the calices of the last-mentioned

specimen, because they are (as they were drawn) imbedded in the

matrix, places the forms in the genus Thecosmilia, and under the

species T. major of De Ferry (op. cit. p. 367). He gives no

* Monogr. cit. p. 29.



118 PKor. p. M. DUJSfCAisr on the stkuctuee and

reason, and states that '"it is difficult to determine with certainty

to what species it should be referred." Under such circum-

stances it would have been as well if he had proved by facts

capable of verification that the form belonged to De Ferry's species.

Montlivaltia polymorpJia therefore remains a member of the Infra-

Lias fauna of England, and Thecosmilia major is still a stranger.

Mr. Tomes refers M. polymorpTia to me ; it is a species of Terquem
and Piette.

Montlivaltia pedtjnculata, nobis, op. cit. p. 10, pi. ii. figs. 12, 13.

This is a well-defined species of pedunculate Montlivaltia, and is

characterized by its high septal number. It is of course a simple coral,

and the calice is worn down in the type. A second form of the same
species is given in the Monograph, pi. viii. fig. 16, allowing for the

variation which was as common in Montlivaltice as it is in recent simple

corals. This species has been misplaced in the genus CladophyUia
(Tomes, o^;. cit. p. 367), which does not include simple corals, and
it is associated with G. suhdichotoma, Laube ; this is also an error

which has arisen from confounding two distinct forms.

Montlivaltiapeduncidata remains, then, as a member of the Sutton-

Stone and Brocastle fauna.

In the amended list of the corals from the White Lias, Sutton

Stone, Brocastle, and other beds Mr. Tomes omits Montlivaltia

MurcJiisonce, nobis, a very well-marked species, the curious little

Montlivaltia parasitica, nobis, and M. brevis, nobis. These species are

figured and described, and have the true Infra-Lias facies. They
remain members of the fauna.

The position of the Sutton-Stone and Brocastle deposits is, in my
opinion, not amongst the deposits below the zone of Avicida contorta

;

they are neither St. Cassian nor Ehsetic. The proof is that the

Mollusca and many of the corals of the strata on the continent above

the Avictda-zone and in the Infra-Lias are identical with those of

the Sutton-Stone, Brocastle, and other deposits on the same horizon.

Those Mollusca which were determined byme (Duncan, " Infra-Lias,

South "Wales," Quart. lourn. Geol. Soc. vol. xxiii. p. 12) were not

separate from the corals, as is supposed, but most may be seen on the

same blocks in the Museum at Bath.

The second communication to which attention is requested, was

read by Mr. Tomes on May 9, 1877, and relates to " The Stratigra-

phical Position of the Corals of the Lias of the Midland and Western

Counties of England and of South Wales" (Quart. Journ. Geol. Soc.

xxxiv. 1878, p. 179). The figures given in the plate which accom-

panies the paper show that the specimens, with one or two excep-

tions, were in a very poor condition.

One of the most interesting of the corals is a Mo7itlivaltia, which

was found perfect, from the White Lias (M. rhwtica, Tomes). The
description shows that it is a well-characterized form, but it was

not figured. Had the species been drawn, it would have been

seen to have decided differences from the cast of a Montlivaltia
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which was figured in my Monograph of the Liassic Corals (" Corals

from the zone of Ammonites anfjulatus,'' p. 68, Pal. Soc. 1868).
I there noticed a cast of a raultiseptate discoidal coral of the genus

Montlivaltia, which was found at Punt Hill, Warwickshire, and
I helieved it to belong either to M. Ilaimei, Ch. & Dew., or to

one of the varieties which I had previously described and drawn.

jS'ow Mr. Tomes states (p. 181), "After a careful examination

of a great many specimens, I have arrived at the conclusion

that it is quite distinct from that species, and I describe it thus."

The description of a form, which has already been stated to be well

characterized, is then given. But are the better-preserved specimens,

of which Mr. Tomes has examined so many, the same as the type I

figured ? On looking at the drawing in my Monograph no one can

doubt the similarity of the cast which it represents to one of

M. Haimei ; and even the spiny ornamentation and septal number
are identical. On the other hand, when the form named M. rJicHica,

Tomes, is studied, from the description of its author, it appears that

in a cast it could not present the appearances which the form I

have drawn certainly does. In 31. rhcetica the primary septa are

strongly developed, and meet and unite in the centre. K'o such

large septa are in the cast, and the septa do not unite in the centre.

There are four cycles in the M. rhcetica, and the fifth is merely rudi-

mentary, according to its describer ; but in the cast the fifth cycle

must have been as well developed as it is sometimes in M. Haimei.

It is evident, then, that Mr. Tomes's coral is not of the same species

as the cast figured, and placed as M. Haimei.

Montlivaltia foliacea, Tomes, ojy. cit. p. 191.

There are portions of the description oi this species (which is so

badly drawn that nothing can be comprehended about the septal

number) that are clear, and enable it to be readily identified.

But there is evidently an error made regarding the septa. In the

description it is stated, " There are nine cycles and six systems."

Then the nature of each cycle is given, and it is stated that " the

ninth cycle has septa which are one fourth of the length of the

primary ones." The diameter of this coral was one inch. There is

no instance of a coral having nine cycles, and such a number is not

even found in the largest modern Fungice, some of which are six

inches across. Now nine cycles of septa will number in the six

systems no less than 1536 septa, or in one system 256 septa !

It is perfectly incomprehensible how this error can have been

made ; but it is not an isolated instance of the misapprehension of

the cyclical arrangement of Montlivaltia'.

Mr. Tomes does not give a figure of his new species, M. excavata

(op. cit. p. 192), and yet it has a septal anomaly. It is said to have

five cycles, and that the fourth and fifth cycles are rudimentary.

This has not occurred in any described species previously ; and it is

invariable that when the fourth and fifth cycles are found, the fifth

may be rudimentary, but never both. Again, in the drawing of

M.impyracea (Tomes, op. cit. pi. ix. fig. 9) there are only four cycles,
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and the fourth is, in places, rudimentary ; but in the description

of the species it is a fifth cycle that is rudimentary.

An essay " On the Madreporaria of the Inferior Oolite of the

neighbourhood of Cheltenham and Gloucester " appeared in the

Journal of this Society in 1882 (Quart. Journ. Geol. Soc. vol. xxxviii.

p. 409). I might almost have contented myself with directing the

attention of the Society to the reply I made at the close of the

reading of this communication ; but unfortunately its author per-

sisted for a long time in maintaining what was shown to be an
error, and about which there is now no second opinion, namely, the

classification of Thamnastrcea in the section Porosa. The whole
of the subject has been noticed in the " Revision of the Genera,"

p. 136.

Any naturalist who is desirous of advancing the scientific know-
ledge of fossils by a philosophical criticism should be well acquainted

with the standard work of Milne-Edwards and Jules Haime (Hist.

Nat. des Corall.) ; but this work seems not to have been familiar

to M.T. Tomes, for he makes a strange error in the course of his

criticisms in reference to their work on the group of the Tham-
nastrceoe. The genera or subgenera 8ynastr<xa and Gentrastroea (he

writes) were proposed by M. de Fromentel (p. 435) ; but the first

was a creation of Milne-Edwards and the last of d'Orbigny.

M. Milaschewitsch described species of Astrceomorpha, Eeuss, from
Nattheim, and although none have been found in England, Mr.
Tomes remarked that it corresponds with Centrastrcea^ which is a

Thamnastrcea with a styliform columella. ]^ow there were few

abler observers than Eeuss, and he would have been the last to

have confused Astrceomorpha and Centrastrcea. Pratz * has shown
that M. Milaschewitsch was mistaken, and that Astrceomorpha is

not an Oolitic but a Triassic genus, and has distinguished it from
Gentrastrcea, and, indeed, Eeuss did the same. It is necessary to

place Astrceomorpha and Thamnastrcea, with its subgenera, in

diff'erent alliances (this subject is more fully considered in the
" Eevision of the Genera," &c. p. 135).

Several species of Oroseris were described with much care in the

essay under consideration ; but it is impossible to agree with the

author's views of the genus. The sentence in which the author

indicates his opposition to the views of Milne-Edwards and Jules

Haime, d'Orbigny, Eeuss, and myself, and in which he not only

separates Oroseris from Gomoseris most definitely, but also allies

it with a genus which he places in the Perforata, shows that he

does not study with the aid of that systematic morphology which
we owe to the great French zoophytologists.

In this instance the author even opposes M. de Eromentel, who
places the two genera close together, and not amongst the Perforate

corals. The following is the quotation (E. E. Tomes, op. cit.

p. 440) :— " Genus Oroseris, Edw. & Haime. This genus was
associated by its original describers with the genus Gomoseris, to

* E. Pratz, Palasoiitographica, 1882, p. 103, et seq.
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which it reaUy bears but a faint resemblance." On p. 434, is the

heading " Zoantharia Perforata,*' and " Oroseris " follows (p. 440).

It has been shown, in the " Revision of the Genera," pp. 162, 163,

that Oroser/s should become a subgenus of Comoseris, d'Orb., and that

it cannot be a perforate coral as Mr. Tomes has stated. In order

to save space, reference is therefore made to that work. But it is

necessary to remark that although the great distinction between the

two groups is the difference in the length of the coUines, Milne-

Edwards and Jules Haime recognized the occasional existence of
" calicos epars," amongst the others which are in series, in 1860,
Hist. Nat. des Corall. vol. iii. p. 79 (under 0. apennina), just as

Mr. Tomes did in 1882. In the descriptions of the species of Oroseris

Mr. Tomes has correctly shown that the epitheca may be as strong

and as wrinkled as in Comoseris ; but although he finds synapticulse

in one species (p. 442), he places it among the Perforata *.

Mr. Tomes's descriptions show that Milne-Edwards and Jules

Haime were correct in staling that the two genera are closely allied,

and not that they are very different.

Genus Microsolena, Lmx.

This genus was placed amongst the Poritidce, a group of perforate

Madreporaria, by Edwards and Haime. Species were examined by
Milaschewitsch and were placed by him with Thamnastrcea among
the Perforata. The author of the work now under consideration

agrees. But good specimens of Microsolena have clearly, in addition

to their beautifully perforate septa, a host of delicate synapticulse in

their interseptal spaces, after the manner of the Eungidne. Hence
it has been necessary to place the genus in the section Eungida,
and in a family distinct from that of Thamnastrcea^ and associated

with such genera as Thamnarcea, Etall., Bijylarcea, Milas.. and the

recent genus Mceandroseris.

Genus Circophtllia, Ed. & H. (subgenus Antillia, Dune).

The so-called genus CyaiJiophyllia^ E. de Erom., was not placed

in "The lievision of the Genera of Madreporaria;" for with the

approbation of Pourtales and Reuss it had given way to the prior

genus Antillia, nobis. Of the identity of the forms included in the

so-caUed and the acknowledged genera there can be no doubt, and
it is true that Antillia was published and illustrated by me in the

Quart. Journ. Geol. Soc. vol. xx. 1864, p. 28, long before M. de

* In a communication " On the Madreporaria from the Great Oolite,"

Quart. Journ. G-eol. Soc. vol. xli., May 1885, p. 185, Mr. E. Tomes replied
to statements which had appeared in the " Revision of the Genera," 1884,
He endeavours to show that there is a wall in the coUines of Comoseris, and
as it is known that there is not one in Oroseris, he properly considers that
this is a generic distinction. He finds in worn specimens of Comoseris that
" a very distinct and continuous line is sometimes observable, simidating a
truewaU"(p. 186).

Every student who has seen a worn Comoseris is aware of this false wall, and
it is not a true one. Hence the distinction falls to the ground. The arrange-
ment of the calices in the two so-called genera is not of sufficient importance
to give Oroseris more than a subgeneric position.
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Eromentel founded the genus Gyatho'phyTlia *. Zittel, on the faith

of the Erench zoophytologist, gives an incorrect diagnosis of Antillia ;

but Pourtales and Briiggemann found recent species, and recognized

the generic attributes.

In the essay " On the Madreporaria of the Inferior Oolite," Mr.
Tomes brings forward the genus Cyathophyllia again, although he

states, "But before the creation of Cyathophyllia, Prof. Duncan had
defined, under the name of Antillia, a genus which only differed

from Montlivaltia in having a large columella." It is to be observed

that the word "only " was not used by me in defining the genus, as

the existence of a large essential columella is a very definite and
important character. In the description of Cyaihopliyllia oolitica,

Tomes, it is stated that the septa unite before reaching the

columella, and this is proposed by Mr. Tomes to be a generic

attribute of Oyathojohyllia. But M. de Promentel does not give

that character, and it does not exist in any Antillia or true

CyathopJiyllia, according to their describers. There is there-

fore no reason for the non-adoption of the generic term Antillia.

On turning to the plate xviii. fig. 4, Quart. Journ. Geol. Soc.

vol. xxxviii. 1882, it will be noticed by those palaeontologists who
have seen species of Antillia that the facies is not that of the genus.

JSTo section is given of the form, and there is so little to lead the

student to a satisfactory generic definition of it, that any one who
had studied the simple Fungida would place the form in the neigh-

bourhood of Thecoseris, E. de From., the uniting and numerous septa

being strong characters amongst the group. One must demur
therefore to the admission of this comparatively unexamined form
into the genus Antillia (which has precedence of CyathopJiyllia).

In revising the genera of Madreporaria it was found absolutely

necessary to thoroughly reconsider all the simple forms very care-

fully and without regard to authority. It will be found (p. 60)

that Antillia, nobis, is placed as a subgenus of Circojohyllia, Ed. and
Haime, and that its synonyms are CyathopJiyllia, E. de From.,

Smilophyllia, E. de From., SyzygopJiyllia, Reuss, and Homophyllia,

Briigg.

In the essay on the Madreporaria of the Inferior Oolite and in some
of Mr. Tomes's other communications mention is made of a presumed
discovery of M. Milaschewitsch, and it is utilized in some criticisms

of the work of Milne-Edwards and Jules Haime and myself.

At page 409, the following notice of this matter is given by Mr.
Tomes :

—" According to that zoophytologist [Milaschewitsch], the

corallum, under certain conditions, can almost suddenly contract

itself, and afterwards more or less quickly expand again and
continue its existence in a new form. This M. Milaschewitsch

distinguishes by the name of ' Yerjiingungsprocess,' which may be

translated " a process of rejuvenescence."

AU this will seem very strange to the biologist who has noted the

* M. de Fromentel mistakes my definition of Antillia (Pal. Fran9. Terr. Oret.

tom. viii. livr. 24, p. 293), and gives the genus a lamellar columella. In no
species is this generic character to be found.
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exceedingly slov/ growth, and the evident influence of abundance and
lack of food upon the yearly growth, of recent corals of such genera

as CaryopliyUia and BalanopJiijlUa^ species of which may be kept in

aquaria. The idea of a dense mural tissue of carbonate of lime

covered with and containing soft structures, contracting suddenly

and expanding again, does not commend itself to the common sense

or the experience of the students of recent forms. What changes

occur during upward growth are slow and are not at the discre-

tion of the animal, as the wording of the translation given above

seems to indicate ; and in the method of growth of recent forms,

which is summarized by naturalists under the head of " growth-
ringing," and which is the old name for the " Yerjiingungs-process,"

there is no development of a new form.

Many years since Milne-Edwards and Jules Haime called the

phenomena described by Milaschewitsch " bourrelets d'accroisse-

ment," and, following them, zoophytologists have called the results

of alternations of growth, "growth-rings.'" It happens, both in

the recent and fossil forms, that wearing removes the projecting

part of the ring and exposes the outer part of the visceral cavity

and the ends of the septa ; and sometimes the older part of the wall

goes on growing and slightly overlaps the starved part. In fact,

the Prench naturalists carried the importance of this growth too far,

and some species were determined from its occurrence. It is a

passive process of nutrition ; it has been well observed ; and there is

no rejuvenescence about the phenomenon. Unfortunately both the de-

scriber of the Nattheim corals and Mr. Tomes sometimes confuse the

process with calicular budding, and do not discriminate the one from
the other. Calicular gemmation is very common in mdJiy recent

forms ; and, whilst it is sometimes accidental, at other times it is

apparently invariable. With regard to the genus Montlivaltia^ it

was known to the authors of the Hist. Nat. des Corall. that the

species were singularly subject to " bourrelets d'accroissement," but

it is not correct to state with Mr. Tomes that " under its agency

forms appear which at first sight may seem to be quite distinct

from Montlivaltia!^ The occurrence of calicular gemmation in a

Montlivaltia was not recorded by the founder of the genus, neither

do we find that the phenomenon enters into the generic attributes as

given by Milne-Edwards and Jules Haime.
The genus Oppelismilia wasfounded by me in order to receive Mont-

livaltioi which increased by calicular gemmation ; and in the type the

epithecate bud within the calice, and on one side, has been mistaken

by my critics for an instance of rejuvenescence. Of the value of

the calicular gemmation in difi'erentiating genera there may be

diverse opinions, and yet it must be admitted that it is of sub-

generic value. In the " Revision of the Genera," Oppelismilia is

placed as a subgenus of Montlivaltia, and Montlivaltia turhata,

Milasch., and any forms which Mr. Tomes may have noticed with

calicular budding, will come within it.

On the strength of the interesting form of growth which develops

growth-rings being of primary classificatory importance, which it
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most certainly is not, it is attempted to alter the classificatory posi-

tion of Aocosmilia Wrightii, Ed. and H., and Montlivaltia Holli, nobis,

of the Inferior Oolite (E. F. Tomes, op. cit. p. 41 6). The two forms are

said to belong to the genus Donacosmilia, E. de From. That genus

may be thns defined from the ' Introd. a I'Etude,' p. 146 :

—

" Corallum fasciculate, reaching to a considerable height, wall

with a complete epitheca, which forms circular bourrelets

;

calicos circular. Septa broad, slightly exsert, and uniting in the

centre of the calico. jN^o columella. Dissepiments numerous and
well developed." In a description of one of the species, it is noticed

that the epitheca may wear and expose the septa to view close to the

wall, and that, when several bourrelets are thus formed one over the

other, it looks as if a set of corals had been placed one within the

calice of the other.

Axosmilia Wrightii was thus named with considerable hesitation

by Milne-Edwards and Jules Haime, and they stated this and the

reason for their doubts in their great monograph. They never saw
the inside of the specimen, nor the outside of the calice, for it was
in matrix. Their figures show a short simple coral, marked not

overmuch by growth-rings, and there is nothing to lead to the

belief that the form was the beginning of a compound and fascicu-

late one.

It would have been better if Mr. Tomes had stated the opinion

of the describers of Axosmilia in full. No one will admit that they

have been proved to be wrong until the absence of a styloid

columella is shown in Axosmilia Wrightii, and it is satisfactorily

demonstrated that the simple form was going to be a compound and
fasciculate one. A student of the recent coral-fauna will have no

difficulty in recognizing growth-rings in the excellent figures of

Montlivaltia Holli by fie Wilde, in the ' Monograph of the British

Fossil Corals,' 2nd ser. pt. iii. Pal. Soc. 1872, pi. i. figs. 5-8. The
coral resembles Donacosm,ilia in two points, but they are of no great

physiological importance. They are the resemblance of the outside of

the corallum to the base of a species of Donacosmilia, and the non-

existence of a columella. But the pedunculate nature of M. Holli,

and its shape, are common to some recognized Montlivaltice ; and
the nature of the axial part of the corallum, where a columella could

be formed, differs in JDonascosmilia and in M. Holli. In the one the

septa meet in the centre ; and in the other there is a considerable space

environed by the ends of the septa ; and thus there is no union. But
the distinctions between the form and any Donacosmilian are definite

and generic. There is decided calicular gemmation ; and this has

been mistaken for rejuvenescence, or rather for the results of that

process. Donacosmilia is a rare genus in the British fauna ; and

even on the Continent its species are found in a miserable condition.

Indeed, it was so doubtful whether there was not a columella in the

axis, that I placed a mark of doubt against it in the " Eevision "*.

The nearest approach to anything resembhng a Donacosmilian

which has come under my notice, is a species of LepiclopTiyllia,

* " Eevision of the Grenera of Madreporaria," p. 54.
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which shows all the external characters of a piece of Donacos^nilia,

and which may belong to the genus, as suggested by j^Ir. Tomes.

(Pal. Soc. 1868, Corals from the Zone of A. Bucldandi, p. 53.)

I disagree therefore with the statement of the identity of Axo-
smilia Wrightii and Montlivaltia Holli ; and I retain this fast as I

originally named it, placing it, for consistency's sake, in the sub-

genus OppeUsinilia.

Until a fossil of the genus Epismilia is found perfect and free

from weathering and wearing of the slender tops of the septa, so long

will the genus not be recognized. M. de Promentel, in describing

the gejius, created it for Montlivcdtice with smooth septa and
elongate fossuloB. Therefore, a spiny-septate Montlivaltia which had
been worn became a new generic form. Milne-Edwards and Jules

Haime saw many of the forms which since the date of the Hist.

Nat. des Corall. have been included in the genus Epismilia ; but

their experience led them to place a proper vahie on the character

of the smooth septa. Elongate fossulse are not distinctive from Mont-
livaltia. Mr. Tomes introduces a form which he states, op. cit. p. 415,

was not in a sufficiently satisfactory state of preservation to admit of

description. He then states, "The edges of the septa have been

worn off." How, then, can this form be distinguished from a

Montlivaltia which had its septa worn and weathered on top and
at the sides ? There is not the slightest warrant for the intro-

duction of the genus into the fauna.

Reuss altered the name Confusastrcea into Adelastroia, on account

of the barbarism of the first-mentioned generic appellation ; and Mr.
Tomes, in his essay on the Madreporaria of the Inferior Oolite,

althougli he retained the old name at first, properly utilized Reuss's

alteration subsequently. But it is not correct to state that " the

genus Adelastrcea, Reuss, from the Cretaceous beds of Gosau, is

founded upon a species of Co7ifusastrcea.'' The author of the essay

now under consideration, in common with many investigators, has

had great trouble with this genus. Milne-Edwards had only in-

different specimens to examine, and the same may be said in the

case of d'Orbigny. Nevertheless, certain definite generic attributes

were got at, and there is only a doubt about one structure. It is

quite certain that the corallite-walls are rudimentary in adult forms,

also that the calices are swollen in the costal part, so as to present

bourrelets separated from one another by polygonal grooves, and
that the costee are continuous. In the typical species there is no
columella, but Reuss has shown that a rudimentary one may exist.

It appears to me that there may be rudimentary walls in young
parts of a colony.

A form was called Clausastrcea consohrina, by Ed. and Haime,
but they put a note of interrogation after the generic name, and
this was added to the Crickley fauna by Mr. Tomes. He found,

however, that the form he thus named really belonged to the

genus Confusastrcea, and he then proceeded to show (on p. 422)
that it cannot possibly be associated with it. He states that the

species has distinct waUs and a pimple-shaped columella. The
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walls are not simply rudimentary in the young parts of the coral-

lum, and the columella differs from the rudimentary kind noticed

by Eeuss.

Unfortunately, no figure is given of the species or of the sections.

Some other genus will therefore have to include this species, or

rather, a species which cannot rest either in the genus Clausastrcea

or in ConfusastrcEci and Adelastroea.

ISASTE^A TENUISTEIATA, M'Coy, Sp.

An attack is made on the value of one of the best-defined

species of the Oolite, and it is evident that the criticisms regard-

ing Isastrcea tenuistriata, M'Coy, sp., as elaborated by Ed. and
Haime, are due to Mr. Tomes having mistaken a different form for

the true species so well described in. the ' Monograph of the Pal.

Soc' (Ed. & H., Corals from the Inferior Oolite, p. 138, pi. xxx.

fig. 1, la).

In the first instance, Mr. Tomes considered that some specimens

of corals which he obtained from Crickley, and which he himself

named Isastrcea tenuistriata, were really to be referred to another

genus. Then he decided that there was not such a thing as the

above-named species, and that errors had been made. Then he

.writes, in the essay' now before us, p. 423, " The supposition ex-

pressed by me that Isastra?a tenuistriata was not a true Isastrcea,

has had partial confirmation by the examination of a considerable

number of specimens, which show that two species have been con-

founded under that name."

He adds :
—" The original description by M'Coy, as well as that

afterwards given by Milne-Edwards and Haime, will apply to one

of these, which is a true Isastrcea.'^ " The other is a species of

Confusastrcear Mr. Tomes is aware that he alone is responsible

for associating specimens with Isastrcea tenuistriata which were

unknown to the previous authors, and which were not called

Isastrcea tenuistriata by them. There was no error or confounding

of species on the part of Milne-Edwards and Jules Haime, or of

M'Coy.
Thus there is no confirmation whatever that this form is not a

true Isastrcea, and Mr. Tomes writes, p. 425, " But other specimens

have occurred which are undoubtedly referable to M'Coy's Astrcea

tenuistriata,^' that is Isastrcea tenuistriata of subsequent authors.

The specimens which the author of the essay on the Madreporaria

of the Inferior Oolite took to be the forms described by M'Coy and

his successors were, he now states, of a different genus, Oon-

fusastrcea ! A figure is given of this Confusastroea tenuistriata

(Quart. Journ. Geol. Soc. vol. xxxviii. pi. xviii. fig. 11), and if it is

compared with the drawing of Isastrcea tenuistriata in the Mono-
graph of Milne-Edwards and Haime, it will be noticed that they are

totally unlike. There is no possibility of their being confounded.

The figure and the description given by Mr. Tomes indicate more-

over that the form cannot possibly belong to the genus to which he has

assigned it. In the drawing the main character of Gonfusastrcea
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or, rather, Adelastrcea, is wanting, and the continuous and well-

developed costae are not seen.

It is clear that the corallites have walls, and that the bundle of

short stick-like growth is totally different from the structure of Adel-

astrcea. The generic position of this particular species is most

probabty in the subgenus Cladopliyllia^ and near a form described and

figured by me in the "Monograph of the Fossil Corals," Pal. Soc.

1872, pi. iii. figs. 1—1, p. 3. It is not that form, but the generic

attributes are the same. Finally, ]Mr. Tomes acknowledges that he is

not even sure about the form he sep^irated from Isastrcea being a

Confusastraean ; he says, " I have placed this curious species in the

genus Confusastrcea with considerable doubt ''
(p. 424). The form

cannot remain in the genus in which Mr. Tomes placed it.

There is a curious employment of a term in reference to this

species which is explanatory, to a certain extent, of an incomprehen-

sible criticism of a figure I gave of Tlmmnastrcea Wcdtoni, Ed. & H.,

Pal. Soc. 1872, lirit. Foss. Corals, pt. iii. pi. ii. figs. 6 A; 9.

Mr, Tomes states that the septa ''all are evenly and delicately,

but very distinctly geniculated." Geniculation is a term which
refers to the horizontal knee-like bondings of the septo-costse of

species of such a genus as Thamnastnea ; but there is nothing of

the kind in Isastrcea tenuistriata. Mr. Tomes seems to make the

word equivalent to granulation, crenulation, or minute spinulation

of the free margins of septa (see p. ^ 34).

Although it has been necessary for me to place myself in such

very definite antagonism with the author of the " Madreporaria of

the Inferior Oolite," it is pleasing to have to recognize the author's

careful work in some instances. In one matter it appears that we
were both in error, and a species placed in the genus Cydolites by
myseK, and in Dimoiyhastroia by Mr. Tomes, turns out, after his

careful use of the graver, to be a form of Dhnorpharcea of M. de

Fromentel. The synonymy of Dimorpharcea I have noticed in the
" Revision of the Genera," p. 170.

Mr. Tomes has worked off the matrix, and has exposed the central

calico and a well-marked row of surrounding calicos which were not

visible previously. Cydolites Lycetti, nobis, becomes, therefore, Di-
morpharcea Lycetti, Dune, sp., and Dimorphastrcea duhia, Tomes, is

absorbed. This is to be regretted, because, in the description of the

species, Mr. Tomes, having better specimens, was much nearer the

truth than I was.

Genus Chorisastrjea, E. de Fromentel.

The late A. E. von Heuss did not see the propriety of recognizing

this genus, nor did Milne-Edwards and Jules Haime.
The genus Chorisastrcea was founded in error, as Pratz has proved^,

and it was intended to .break up the genus Latimcmndra as diagnosed

by Milne-Edwards and J. Haime. These naturalists had carefully

studied the forms which, before the time of their great work, had
been associated with no less than five genera by d'Orbigny, and, in

* Palaeontographica, 1882, p. 109, note. See also *' Eevision of the Genera,"

p. 127.



128 PEOP. p. M. DUNCAl^ OliT THE STEUCTUEE AND

their Hist. Nat. des Corall. vol. ii. p. 543 and 544, they finally

elaborated the genus Latimceandra.

They did not see the necessity for eliminating the species the walls

of which are not perfectly united up to the margin of the series of

calicos, and therefore they placed in the genus such forms as L. Ber-

trandi, J. Haime, which has incompletely united series, L. Michelotti,

J. Haime, which has the series sometimes closely united and some-
times has them disunited, and L. Flemingi, Ed. & H., which has a

solid corallum with union of the valleys.

Stoliczka's opinion is worth recording. Eeferring to Latimceandra
(" Cretaceous Corals of S. India," p. 37, Pal. Indica, 1873), he says :

—

" There can be two sections distinguished, the one called Chorisas-

trcea by De Fromentel, in which the calices are separated from each
other by more or less distinct depressions, and the second, or Lati-

mcBandra, in which the series of calices are separated by united

ridges, over which the costse pass without interruption. These two
sections are so intimately connected with each other that authorities

on the subject, like Milne-Edwards or B,euss, do not consider a

separation into two genera practicable."

To add to the confusion produced by the adaptation of the so-called

genus Chorisastrcea to serial Corals as well as to Latimceandrce which
increase by calicular budding, an attempt was made to include the

well-known species of Thecosmilia, which at first increase by gem-
mation and then by fissiparity. De Eromentel's generic diagnosis

did not permit of this extension, which has led to error. Eor
the drawing of C. gregaria, M'Coy, sp. (E. Tomes, op. cit. pi. xviii.

fig. 3), although it is figured to indicate the absence of union of the

walls of the specimen, the species being said to belong to Chorisastrcea,

shows the corallites in perfect lateral union.

Finally the diagnosis of De Eromentel was altered by Mr. Tomes,

and it will be noticed in the ' Essay on the Lower-Oolite Madrepo-

raria,' p. 425, that Chorisastrcea has corallites " not divided by walls,

gemmation is basal, the corallum lobular, the lobes springing from

the base of the parent coraUite."

These different diagnoses for one genus indicate that it has been

attempted to be founded on the methods of growth of structures

which are common to diverse genera and even families.

Following Milne-Edwards and Eeuss, I restore the species in-

cluded in the genus Chorisastrcea to their former position in the

geuus Thecosmilia, and persist in declining to introduce into the

classification a genus which has three different diagnoses.

At the close of the essay now in course of consideration its author

changes the name of Thecosmilia obtusa, d'Orb., to Chorisastrcea ob-

tusa. The species was illustrated in my ' Monograph,' Pal. Soc.

pt. iii. 1872, pi. i. figs. 1-4, and it will be perceived that the

increase is by fissiparity, and that there is no deep groove between

the walls of the primary and secondary calices. There is nothing

Chorisastrsean about the form, according to the generic definition of

M. de Fromentel, and I therefore restore the species to the genus

Thecosmilia.
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Genus Heterogyra, Eeuss.

The comparatively circular corallites free at the margin, and the

increase both by gemmation and by irregular serial growth, distin-

guish this genus from its close ally Latimceandra. It differs from
Choinsastrcea, as shown in the definition given by its founder.

Genus Stmphyllia, Ed. & H.

After due consideration and careful examination of the recent

species of Sympliiillia, I restore Symphyllia Etheridgei^ nobis, which
had been removed to a new genus, PJii/Uofjyra, by Mr. Tomes. It is

usual, when a naturalist alters the generic position of a species, that

a reason should be given ; this was not done by Mr. Tomes, who
created a genus to include the SymjjJiyllia just alluded to.

No comparison of the new genus Phyllogyra, Tomes, with Sym-
phyllia was instituted, and yet a little study of the figures given

(pi. vi. figs. 6 and 7, Pal. Soc. 1872, Monogr. Brit. Foss. Corals,

pt. iii.), and their comparison with calicos of recent Sympliyllice,

will show that the fossil and recent species are generically allied.

This subject has been considered in the " Revision of the Genera,"

p. 92, and although I had grave doubts about the genus Pliyllogyra,

Tomes, I placed it in the classification. But I differ from the author

of the genus in believing that the calicos he thinks came from gemma-
tion are the result of fissiparity. The genus is not synonymous with
Symphyllia. It is very interesting to note the similarity of the figure

given of the base of Phyllogyra, Tomes, op. cit. pi. sviii. fig. 5, and
that of Phylloseris riigosa, Tomes, fig. 8 of the same plate.

Thecoseris polymorpha, Tomes, was described in the Geological

Magazine ; but, although it is figured in the essay on the Madreporaria

of the Lower Oolite (pi. xviii. figs. 12, 13), no description of the

species is given in the text. This is to be regretted, because the

genus cannot have any alliance with the Australian form which I

described some years since, or with a well-known Lower Cre-

taceous and Tertiary genus named by me Tiirhinoseris. Mr. Tomes
clearly would have Turhinoseris and Palceoseris, nobis, made syno-

nymous with Thecoseris, E. de From. But the anatomy of the series

of forms shows marked distinctions between the genera. As a

matter of fact, Pratz has shown that Leptophyllia, Eeuss, is a Fungid
with perforate septa, and Haplarcea, Milasch., is synonymous. Xow
Thecoseris only differs from Leptophijllia in having a strong epitheca,

a subgeneric attribute. Thus Thecoseris is a subgenus, and may or

may not be used according to the value pala3ontologists put on sub-

genera, and it is long after Leptophyllia in date of publication.

Turhinoseris has solid septa and belongs to a different family of the

Fungida from Leptophyllia and ThecoseHs. In the " Revision of the

Genera " I have shown that it is associated with Trochoseris and
other allied genera. Palceoseris I have reduced to the position of a

subgenus ; its distinction from Turhinoseris is subgeneric.

Thecoseris polymorpha, Tomes, should remain where its author

placed it, but onlv as a subgenus of Leptophyllia, Eeuss. The form

Q. J. G. S. T^o.^ieS. K
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has no alliance with Turhinoseris and Palceoseris, nobis, as Mr. Tomes
supposes.

The next commnnication to which I have to direct attention is

" On the Fossil Madreporaria of the Great Oolite of the counties of

Gloucester and Oxford," by E. F. Tomes, Esq., P.G.S., Quart. Journ.

Geol. Soc. vol. xxxix. 1883, p. 168. This communication contains

some very interesting and valuable stratigraphical data, and speaks

well for the author's industry. He assigns the species often to

definite horizons, and adds several very interesting forms to the

fauna. But there are criticisms of the work of previous observers

in it, and especially of Milne-Edwards and Jules Haime and myself,

which require answering.

The confusion into which Mr. Tomes has thrown the group of

species which Milne-Edwards and Jules Haime placed within the

genus Cyathophora of Michelin, is added to by his giving new generic

diagnoses to this genus and to Oryptocoenia *. He first of all states

that the genera Cyathophora and Oryptocoenia are of d'Orbigny's

proposition, forgetting that the first was not d'Orbigny's, and that

it was chosen from Michelin's work by Milne-Edwards and Jules

Haime to supersede Oryptocoenia of d'Orbigny, the definition of

which was not sufficiently exact to be worth anything. Next, very

properly, seeing the impossibility of retaining the two genera ac-

cording to De Eromentel's classification, he says, the genera, " in my
opinion, require some modification," which he gives as follows {op.

cit. p. 194) :
—" OyathopJiora. Coenenchyma small in quantity and

dense. Gemmation proceeding from it in close proximity to the walls

of the corallites, if not actually from the walls themselves. Septa

feebly developed, and the cycles not traceable. Calicos generally

much crowded, appearing at many heights, often oblique, oval, or

even polygonal." Now this is not a modification, for it is a diagnosis

totally unlike that of Michelin. Not a word is said about the tabulse

which were noticed by Milne-Edwards ; but it is to be inferred that

they are recognized, for the genus is separated in the classification

from Oryptocoenia by Mr. Tomes, and is placed in the family Theco-

stegitse of De From., and amongst the Tabulata. Then, on the next

page, we read, " It is with very great doubt that I have given this

species (Oyathophora Bourgueti) a place in the Zoantharia Tabulata,

not having, by any means, satisfied myself as to its real affinities."

Yet this species is the only one of the genus, according to Mr. Tomes,

which is in the British Oolitic fauna.

* Cryptoccenia was thus diagnosed by d'Orbigny :

—

" A Tremaccenia without a styliform columella."

C. hacciformis was the type. There was great doubt whether the form was
not a true Stylina the columella ofwhich had fallen out by wear and weather.

Tremaccenia was dropped and it is now Stylina.

The diagnosis of CryptoccRnia was insufficient, and Milne-Edwards and Jules

Haime, finding a remarkable arrangement of the endotheca in certain corals

which otherwise would have been considered to be Stylincs without columellas,

associated the species with the genus Oyathophora of Michelin.

The imperfect tabulae of Oyathophora fill up the visceral cavity to a considerable

extent, and it is evident that the columella is wanting in the types.



CLASSIFICATORY POSITIOX OF SOME MABREPORARIA. 131

Cryptoccenia is thus modified by the same hand :—" Coenenchyma
abundant and of a loose nature, composed of a great many dissopimen-

tal tabulae, from which the gemmation takes place quite distinct from,

the walls of the corallites. Septa well developed, and their cycles

distinct. The calices not crowded, always round and on the same
level." This is a new definition altogether. Xow, although the

presence of tabulae is asserted in this genus, the forms are not placed

in the Tabulata by Mr. Tomes, as are the species of Cyatlwpliora.

To those palaeontologists who have not studied the Corals these

definitions may appear to be very distinctive ; but such is not

the case. The amount of coenenchyma in these forms is a matter

of growth ; the cyclical arrangement of the septa and their length

are clear in some forms ; but no one can doubt that the condition of

the septa in the miserable specimens of the form named CiJoarr/i^.^ii,

so miserable that Mr. Tomes confesses that he cannot make out

the real affinities, is due to weather and fossilization. The cyclical

arrangement of the worn-down septa, which look like mere ridges

on the inside of the wall, can be made out by the septal number and
by the costae.

The gemmation is, in all the forms, extra-calicular, and that is an
important point, for it is perfectly well known that in Stylina the

gemmation is always extra-calicular, and is usually from the inter-

mural space, or, it may be, from the wall outside the calice. The
crowding or the reverse of the calices is also a matter of individual

growth, and is not generic.

Notwithstanding the indifi'erent structural details of the form
Bourgueti, Mr. Tomes asserts its identity with the species described

by Michelin, and therefore relegates all the species which Milne-

Edwards described as belonging to CyatJiophora, Michelin, to the old

genus Cryptoccenia. Mr. Tomes altered the generic titles of the

species described by myself as CyatlioplwrcE^ but he was not quite

sure that he was right, and he writes as follows :
—" But if, on the

other hand, it \_Cyathoijliora Bourgueti] should eventually prove to

differ from CyafJiojJ^iora generically, then the genus Cryptoccenia

must be dropped, and a new genus formed to receive the present

species ; for this Depapliyllmn would not be an inappropriate name."'

Cryptoccenia thus stands on a very slight foundation.

The fact is, that neither of the genera enlarged upon by Mr.
Tomes belongs to the Tabulata ; that Milne-Edwards and Jules

Haime were correct in associating certain Cryptoccenia with Gyatlio-

pliora^ Mich. ; and that the distinctions attempted to be drawn be-

tween Cyatliopjhora, as elaborated by the authors just mentioned, and
the ill-defined genus Cryptoccenia, d'Orb., are insufficient, and are

founded upon the observation of bad specimens.

In concluding this reference to the impropriety of altering the

generic names of the Cyatliophorce given by Milne-Edwards and
myself in the ' British Fossil Corals,' it is necessary to mention that

Cryptoccenia micropJiylla, Tomes, of which a figure is given (Quart.

Journ. Geol. Soc. vol. xxxix. pi. vii. fig. 2), has all the specific

characters of Cyathopliora iuherosa, nobis, except that this last is a

k2
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larger form. The cycle of costse without septa and the small

second cycle of septa are common to both forms. In Mr. Tomes's

species there are gibbosity and dome-shaped prominences of the

massive coral ; and it is evident that those conditions bring the

form, the septa and costse being the same, within my species Oya-
tJio]Dliora tuberosa as a well-marked variety.

CyatJiopliora tuberosa, nobis, will retain its generic title. Mr.
Tomes states that this species bears so close a resemblance to

C. luciensis, Ed. and H., that it may probably prove to be identical

with it. The distinction is evident, and consists in the absence of

the third cycle of septa in C. tuberosa ; the tuberose form is also

specific, as is likewise the distance between the decidedly raised

calices.

Cyathophora Pratti, Ed. and H., was not at first appreciated

by Mr. Tomes ; for he referred some corals to it, according to his

own statement (op. cit. p. 179), erroneously,

MONTLIVALTIA CARTOPHYLLATA, Lmx.

Mr. Tomes makes the following remark (op. cit. p. 180) :—" There

is an obvious error in the description given of this coral by MM.
Milne-Edwards and Haime (Hist. jSTat. des Corall. t. xi. p. 303).

The number of cycles given by them is five and par^ of a sixth.

This statement, however, has been corrected by M. de Eromentel,

who says, there are in a large calice as many as 162 visible septa.

In the calices of those I have examined there are about 108 septa."

Here the reference to the obvious error ends, and we are not

directly informed what it was ; but the inference left to be drawn is,

that corals liaving either 162 or 108 sejpta have not five cycles and
part of a sixth. Now in looking over M. de Eromentel's works, I

find, in his ' Introduction,' p. 117, and also in the Paleontologie

Frangaise (Terr. Jurass. Zooph. p. 202), that the coral has " cinq

cycles et rarement des cloissons d'un sixieme." The number 162
is mentioned as occurring in a large calice.

It does not appear, then, that M. deEromentel corrected an obvious

error ; for the number of 108 septa means five cycles (96 septa) and

a part of the sixth cycle, that is to say five cycles and one eighth of

a sixth. M. de Eromentel's number of 162 septa means five cycles

and just over five eighths of a sixth cycle. MM. Milne-Edwards

and Haime were quite correct in giving the form the septal arrange-

ment of five cycles and part of a sixth.

In the communication under consideration the credit is given to

M. de Eromentel of drawing attention to the necessity of distin-

guishing between fissiparity and gemmation ; and it is mentioned

that this author states that the corallite which is the result of fissi-

parity is not enclosed in a neiu and distinct wall, even when it has

become separated from the parent calice !

Now Pallas, in 1766, drew attention to the fissiparity of corals,

and Ehrenberg, in 1834, made fissiparity, which he thoroughly under-
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stood, one of the fundamental bases of his classification Dana drew

splendid examples, and the whole subject was elaborately discussed

by Milne-Edwards and Jules Haime in the first volume of their

Hist. jN'at. des Corall. pp. 74-83.

The illustrations I gave of fissiparity in the " Monograph of the

British Fossil Corals," 2nd Ser. Pal. !Soc. 1866, p. 23, and in the

earlier plates were copies from the admirable work of Milne-Edwards

and Jules Haime. M. de Fromentel was merely the copyist of his

predecessors. After reading M. de Eromentel's description of fissi-

parity, I fail to find the sentence which states that the waUs are

defective, as stated by Mr. Tomes. M. de Fromentel states just

the contrary, and explains how the walls of the fissiparous calices

may unite with their neighbours and produce polygonal calices.

He says, " Bientot les murailles se reserrent entre les deux centres,

qui s'ecartent, s'eloignent pen a pen et devieuuent completement

independants " (p. 41). It would be indeed remarkable to find

distinct corallites, the result of evident fissiparity, without walls !

These remarks on the subject of fissiparity are necessary because

the particular opinions of Mr. Tomes are utilized in a criticism of

MM. Milne-Edwards and his confrere and myself in regard to the

fissiparity of Thecosmilia gregaria, M'Coy, sp. Mr. Tomes (p. 168)

states tha?t fissiparity and gemmation are sometimes confounded,

and proceeds, "Thus the usually accurate observation of MM, Milne-

Edwards and Haime failed in the so-called Thecosmilia gregaria to

distinguish between them ; and the error of supposing this species

increased by division was continued by Prof. Duncan and myself."

Mr. Tomes withdraws from the company in which he once found

himself, and insists that this well-known and most variable species

only increases by gemmation.
I have seen fissiparity, and so did Milne-Edwards and Haime

;

and it may be observed m the upper part of Mr. Tomes's own figure

(Quart. Journ. Geol. Soc. vol. xxxviii. pi. xviii. fig. 3).

It is necessary to object to the species Thecosmilia Slatteri^ Tomes

(p. 182). The author of it remarks, " This is a small and luell-

marlced species^ having much the appearance of Olaclophyllia Baheana,

Ed. and H." As the form has a resemblance to a different genus

from that in which it is included, the possibility of its being a well-

marked one does not exist. At the close of his descrix^tion of the

species its author remarks :
—" I entertain little doubt that the

present species was figured by Prof. Duncan in his ' Supplement to

the British Fossil Corals ' as a variety of Cladophyllia Babeana.''

There need be no doubt upon the point; all the details of the

figures given by me many years ago coincide with the description of

the form by Mr. Tomes. Cladophyllia is really a subgenus of Th&-

cosmilia, and Thecosmilia Slatteri^ Tomes, is a variety of Thecosmilia

{Gladopjhyllia) Babeana, Ed. and H.
In concluding my remarks on the criticisms contained in the

essay on the Madreporaria of the Great Oolite, it is necessary to

allude to the use of the word geniculate again. I found a specimen
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of Thamnastrcm Waltoni, Ed. and H., and had it figured (Pal. Soc,

pt. iii. pi. xi. figs. 6-9). Mr. Tomes says :
—" The figures given

by Dr. Duncan as of this species, but unaccompanied by letterpress,

must, in my opinion, be referred to some other species which has
the septa more strongly geniculated." In other words the geniculate

condition of the form is greater than in the true type of Thmnnastrcea
Waltoni. Now on looking at the figures, it will be noticed that there

is very slight geniculation—it could hardly be slighter. It was
this want instead of excess that made me doubt for a while about
the identity of the form and the species Waltoni,

Mr. Tomes communicated to the Society his essay " On some
imperfectly known Madreporaria from the Coral Eag and Portland

Oolite of the Counties of Wilts, Oxford, Cambridge, and York " in

1883 (Quart. Journ. Geol. Soc. vol. xxxix. p. 555).

It is very satisfactory to be able to agree with the author in most
of the descriptions and opinions given and expressed in this commu-
nication ; nevertheless there are some points on which there is

considerable difference between us.

It is to be noticed with some satisfaction that the genus TJiamn-

astr(Ea is partly taken out of the Perforata and restored to the

Pungidse. But it is to be gleaned that the author still inclines

to place the species with perforate septa in the section Perforata.

It is proposed to separate the perforate and imperforate Thamnas-
trseans into dijfferent genera ; but the answer to this proposition may
be gleaned from what has already been written elsewhere. In some
Thamnastrseans the septa are perforate, thanks to fossilization, in all

their laminae ; in others of the same species only parts of the

corallum have their septa perforate, the rest being imperforate.

The same species will be found under different circumstances to

present perforate and imperforate septa. Unless we are to have

the novelty of two genera in one individual the proposition of

dividing the Thamnastraeans must drop.

The figures given by Mr. Tomes on plate xxii. of T. concinna,

Goldf., sp., are very remarkable, and they explain why the author

stated, " These often exhibit forms so remarkable as to suggest spe-

cific or almost generic distinction, and thev deserve especial notice
"

(p. 559).

They really present so many resemblances to a Stylina and so few
to Thamnastrcea concinna that it is to be hoped careful sections will

be placed where they can be studied.

IsASTEJSA OBLONGA, Ed. and H.

The distinguished authors of the ' British Eossil Corals ' are said

to have overlooked the real characters of this species. They
were misled by the state of fossilization. The foUowiog is the

statement of Mr. Tomes (p. 563) :
—" By selecting specimens in

which the silicified corallites are less deep in colour the details of

structure are more readily seen, and the wall is observed to be thin

and to be lined within with a considerable quantity of dissepi-
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mental tissue, through which the septa jDass and from which they

are clearly distinguishable. This tissue assumes a concentric

arrangement, something like a series of rudimentary walls, one

within the other, as in Litliostrotion, in which genus it was first

placed by its first describer. Sometimes the inner ring of endo-

theca is more fully developed than the others, simulating an inner

wall ; but this is not constantly the case, or it would furnish grounds

for the creation of a new genus." But Mr. Tomes had not read

carefully the description of the species in the ' British Fossil Corals

'

and in the Hist. Nat. des CoraU. vol. ii. p. 529 by Milne-Edwards
and Jules Haime. In the first-mentioned work is stated, " The
dissepiments, which in many specimens have disappeared completely

or have been more or less modified in form by fossilization, are ivell

developed, arched, somewhat decline inimrds, and situated at one

third or one fourth of a line apart ; some remain simple, but most
of them bifurcate "

(p. 74). " Traverses bieu developpees,"arquees,

un pen inclinees, ordinairement bifurquees " (Hist. jN'at. des Coral.

p. 529).

The description of the endotheea by Milne-Edwards and Haime
was correct and quite sufiicient for the purpose of specific distinc-

tion. The notion of there being a set of walls one within the other

is not correct, and the appearance is due to the obliquity of the

dissepiments and their being cut across horizontally in making
sections.

The author states (p. 558) that " increase takes place in this

species by gemmation on the walls between the calicos, just as in

Isastrcea." The gemmation of Isastra'a certainly does not take

place between the walls of corallites, but within the calicular

margin; it is between the margin and the centre of a calice.

It is also necessary to draw attention to the figure given by Mr.
Tomes of Isastrcea ohlonga, in which there is a very decided colu-

mella. It is the result of fossilization, and is similar in cause to

that seen in Astrocmnia major, Tomes, which is probably a Thamn-
astrsean, for it has synapticulse.

" On some new or imperfectly known Madreporaria from the

Great Oolite of the counties of Oxford, Gloucester, and Somerset.

By R. E. Tomes, Esq., E.G.S. (Quart. Journ. Geol. Soc. vol. xli.

p. 170, 1885)."

A few remarks are necessary on my part upon some criticisms of

the previous work of MM. Milne-Edwards and Jules Haime and
myself.

Mr. Tomes heads a paragraph with the name Heliocoenia, makes
it a synonym of Placoccenia, d'Orbigny, and gives a good notion of

the discrepancies of opinion regarding the value of the genera.

Milne-Edwards, Jules Haime, M. de Eromentel, and myself do

not recognize the genus Heliocoenia, Etallon; d'Orbigny founded

Placocoenia, M. Koby associated Heliocoenia and Stylohelia. Mr.
Tomes difi'ers from all these naturalists and retains Heliocoenia

without giving any reason. In fact, if the reason for associating
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this so-called genus with Stylina were given, the identity of the

two must be conceded.

The only distinction between the two genera is, that in Heliocoenia

the costae do not extend far from the septal margin. The compres-

sion of the columella is not invariable, and it is of no physiological

importance. In specimens of recognized Stylince, parts may often

be found with the characters of Heliocoenia. I agree with the

great Prench zoophytologists to a certain extent, and without

abolishing the group, I have reduced it to the rank of a subgenus.

But no Heliocoenia has a lamellar columella, as drawn by the author

of the paper under consideration (plate v. fig. 17).

Placocoenia, which Mr. Tomes considers to be synonymous with
Heliocoenia, is a much better-marked genus than he thinks. He
is not justified in saying that d'Orbigny's genus is not sufficiently

particularized for adoption. Placocoenia, as illustrated by Goldfuss

and described by d'Orbigny, is well characterized as follows :—
Colony massive. Calices large, circular or oval, rather distant,

united by costae. Columella lamellar and well developed, or in three

papillae. Septa entire, unequal, of decameral or of hexameral type.

Costae thick and well developed, cristiform or granular. Gemma-
tion between the calices. (" Ilevision of the Genera," p. 108.)

The distinctions between Stylina ( = Heliocoenia) and Placocoenia

are obvious.

Mr. Tomes does not see any alliance whatever between the genus

StyloJielia and the Oculinidae, and has no hesitation in removing it

into the neighbourhood of Stylina. He gives no reason ; but that

given in the "Eevision" can be gleaned by reading the descrip-

tions of the recent genera with which it is associated, namely Stylo-

jphora and Madracis. It is hard to believe that the figures given

by Mr. Tomes on his plate v. figs. 15-17, are from the same speci-

men or that they are correct. One calice has a lamellar columella

and few septa, and the other has no columella and numerous septa,

and is said to be the younger of the two. The arrangement of the

costae differs also.

ISASTE-SIA CONYBEAEII, Ed. & H.

This species was described and figured by Milne-Edwards and
Jules Haime in their moaograph of the British Eossil Corals, Pal.

Soc. idL xxii. fig. 4.

It is a form with large tetragonal calices and a septal number
unusually small in relation to the size of the calices. It is charac-

terized as follows :
—" Calices nearly equal, subtetragonal and cir-

cumscribed by a simple edge common to the two adjoining corallites

or separated by a slight furrow. Long diameter of the calices 6 or

7 lines. ISTo columella." The figure shows the usual sharp edge to

the calices, and that the septa have no costal prolongations. The
junction of one or two septa in the axis was not considered sufficient

to be called a columella.

This species is now stated by Mr. Tomes not to be an Isastraean

but to be the same as a form which was placed in a totally different
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genus by Milne-Edwards and Jules Haime, namely Clausastrcea,

the form being O. Pratti (now Plerastrcea Pratti, Ed. & H.). This

species was figured on the same plate as Isastrcea Conyhearii by
Milne-Edwards and Jules Haime. The only defective part of the

di'awing of Clausastrcea Pratti, which was afterwards placed in the

genus Plerastrcea, is owing to the bad printing. The print gives

the notion of a solid columella, and this is not correct. In the

context it is stated that the columella is spongiose and well developed.

The part of the coral towards the left hand of the observer in the

plate (this was not reversed by the artist) shows most distinctly

that there are long wavy and geniculate septo-costa?. They are in

groups, as it were. The type specimen is in the Museum of the

Geological Society, and its faithful resemblance to the figure given

on plate xxii. of the monograph of Milne-Edwards and Jules Haime
of ' Corals from the Great Oolite,' is very remarkable. It is correct

in every respect except in the indiff'erent printing of the very

distinct columeUae, which are formed by the septal ends and also by
some additional tissue. The description of the species agrees with

the drawing and with the type.

Mr. Tomes writes, p. 184, " All the specimens recently collected

at Combe Down may be referred either to Clausastrcea Pratti or to

Isastrcea Conyhearii, according to the condition of the specimen

examined.

In disputes of this kind we must take the type specimen for the

jjurpose of comparison ; and then it is perfectly evident that the

two species mentioned above, and which were described and figured

by Milne-Edwards and Jules Haime, are generically distinct. The
long and often geniculate costse which unite the septa of somewhat
distant calicos in one species are totally opposed to the diagnosis

of an Isastrsean. Isastrcea Conyhearii has, from the description and
figure, all the characters of an Isastrsean, and such septo-costae as

exist in the other form could not by any possibility be produced

by weathering.

There is merely a slight union of a thinning-out septum in the

axial space of the Isastraean with one or more of its fellows ; but in

the type of the other species there is thickening of the septal ends,

and the axial space is as it is in recent corals which have columellae

made up by the inner ends of the septa, more or less additional

tissue being added. Such a columella is a parietal one, and when
well preserved in recent and fossil forms often exhibits papillae at

the free surface.

It is to be noticed that Mr. Tomes persists in placing the species

of coral with a columella and geniculate and more or less grouped
septo-costae in the genus Clausastrcea, in spite of Milne-Edwards
and Jules Haime having removed it from that genus 28 years since.

They placed the form as a sjDecies of Plerastrcea. Ho writes

(p. 183) :
—" Under the impression that the so-called Clausastrcea

Pratti has an essential columella, the original describers transferred

it to the genus Plerastrcea, in which genus it appears in their general

work on corals.
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" But from the examination of a number of specimens from
Combe Down, I am convinced that the supposed columella does not

exist in any of them."
Now there is nothing written about an essential columella in the

diagnosis of the genus Plerastrcea by its founders. Such a columella

arises from the base of the coral within and grows irrespectively of

any other structures, and the styloid columellse of Stylmce are

excellent instances. The columella in the form which first of all

came under the designation of Plerastrcea, P. Savignyi, Ed. & H.,

has the " columelle papilleuse representee par des pointes du bord

interne des cloissons " (Hist. Nat. des Corall, p. 553, v. 2). Hence
in the diagnosis it is stated that the columella is '" papilleuse."

As it was evident to Milne-Edwards and Jules Haime that

Plerastrcea Pratti, formerly called by them Clausastrcea Pratti, had a

fasciculate columella of the Plerastrsean type, and as it is to be seen

in their type specimen, any comparison of the form with one without

a columella is necessarily misleading. Mr. Tomes states that the

type was a worn specimen ; but had he seen it (unfortunately he has

not) he would have been able to bear out the correctness of the

description in the monograph of the British Fossil Corals. It is,

then, necessary to restore Isastrcea Conyhearii, Ed. & H., and Pler-

astrcea Pratti, Ed. & H., to their former positions, and the union

in a new genus Platastrcea is not requisite.

Genus Bathtcqenia, Tomes.

In the essay " On some imperfectly known Madreporaria from

the Great Oolite," p. 176, Mr. Tomes writes as follows :
—" Great

doubt is expressed by Prof. Duncan, in his ' Eevision of the

Eamilies and Genera of Corals,' as to the distinctness of BatJiy-

coenia from Stylosmilia, which genus, in habit of growth, it some-

what resembles." He then proceeds to state that he had made
careful comparison of weU-preserved specimens of Tertiary Stylo-

smilice with BatJiycoenia, and that the absence of a true columella

was clearly made out. Now on turning to the "Eevision of

the Genera," p. 122, it will be noticed that no doubts whatever

were expressed about the distinctness of Bathycoenia and Stylosmilia,

The name of the last genus is not even mentioned, and what was
written in respect of the resemblances of Bathycoenia with another

genus, was copied from Mr. Tomes's own statements in his paper on

the " Great Oolite Madreporaria," 1883, p. 176. He there com-

pared the genus with two Tertiary species of the same genus,

Stylocoenia, which I mentioned in the " Eevision,"

At that time (Tomes, op. cit. p. 176) the genus Bathycoenia

had a " rugged columella ;
" at the present time Mr. Tomes asserts

that it has none, in spite of the figures 8, 9, 10, pi. vii. of his work,

where the structure is well seen.

The genus Stylosmilia is not known in the Tertiary strata.
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Nomenclature of Species.

Astrocoenia costata, Dune.

—— superba, Dune.
plana, Dtmc.
gibbosa, Dune.
reptans, Dune.
pai-asitica, Dune.
peduuculata, Dune.— dendroidea, Dune.
minuta, Dune.
favoidea, Dune.

Cyathoccenia iDcrustans, Dune.

dendroidea, Dune.
costata. Dune.

Phyllocoenia decipiens, Laiibe.

Thecosmilia serialis. Dune.
Elysastrsea Moorei, Dune.
Cireophyllia (Antillia) oolitica, Tomes, sp.

Montlivaltia (Oppelismilia) HoUi, Dune.
pedunculata, Dune.

polymorpha, Terguem et Piette

Haimei, Ch. et Dew.
Axosmilia Wrigbti, Ed. &( H.
Clausastraga consobrina, Ed. ^ H.

Isastraea tenuistriata.

Thecosmilia gregaria, M'-Qoy. sp.

obtusa, Dune.
(Cladophyllia) Babeana, Ed. ^H., var

Isastraea Conybearii, Ed. ^- H. is

Plerastrsea Pratti, Ed. 4^ H.
Symphyllia Etheridgi, Dime.

Cyathophora tuberosa, Dune.

Leptophyllia polymorpha, Tomes, sp.

Dimorpharsea Lycetti, Dune., sp.

«s not Stylastrsea sinemuriensis,"jE'.

deF. .r;

„ Martini, E. de F.

„ plana. Dune., sp.

„ gibbosa, Dune., sp.

„ reptans, Dune., sp.

,, parasitica, Dime., sp.

,, pedunculata, Dune., sp.

,, dendroidea. Dune, sp.

„ minuta, Dune., sp,

,, faToidea, Dune., sp.

„ Phyllocoenia incrustans,

Dune., sp.

„ dendroidea, Ditnc., sp.

„ costata, Dune., sp.

„ Cyathoccenia decipiens, Laube,
sp.

„ Elysastrsea serialis. Dune., sp.

,, Fischeri, Laube.

„ Oyathophyllia oolitica, Tomes.

„ Donacosmilia Holli, Dune,, sp.

„ Cladophyllia subdichotoma,
Laube.

,, Thecosmilia major, I'erq.

„ Montlivaltia rhtetica. Tomes.

,
, Donacosmilia Wrighti,£'.cf'^.,sp.

,, Confusastr8ea=:Adelastrgea con-
sobrina, Ed. cf'K

„ tenuistriata.

„ Chorisastrsea gregaria, M'Coy.,
sp.

„ obtusa. Dune., sp.

. = Thecosmilia Slatteri, Tomes.
(Platastrgea Conybearii, Ed. ^ H.,

sp.

Pratti, Ed. 4' H., sp.

,, Isastraea Conybearii, Ed. 4- H.

„ PhyllogyraEtheridgei, Dime., sp.

f Cryptoccenia tuberosa, Dune., sp.
" \ luciensis, Ed. 8( H.
= microphylla. Tomes.

= Thecoseris polymorpha. Tomes.

_ / Cyclolites Lycetti, Dune.
~

\ Dimorphastra?a dubia, Tomes.

SUMMAET.

All the species of the genus Astrocoenia which were described in
the ' Supplement to the British Possil Corals/ Pal. Soc. 1867, from
the Infra-Lias of South Wales belong to that genus, and not to
Stylasti-aa, Be Prom. The drawing of Astrocoenia plana, nob.,

given by Mr. Tomes, does not correspond with the type specimen of
the species. Stylastrcea sinemuriensis and S. Martini, De From., do
not form part of the fauna of the Infra-Lias of South Wales.
Cyathoccenia, nob., is not the same as Phyllocoenia, Laube, which is

Koilocoenia, nob. The St.-Cassian Phyllocoenia decipiens, Laube, is
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Koilocoenia decipiens, Laube, sp. ; but it is not found in England.
Thecosmilia Martini and T. Miclielini of the European Hettaugian,

are found in the Infra-Lias of England. T. rugosa, Laube, was first

noticed in the " Memoir of the Corals of the Zone of Ammonites angu'
latus,^^ Pal, Soc. 1867, and the species was properly figured. T.

serialis, nob., is correctly named. T. Horneri, Laube, has not yet

been shown to belong to the British Infra-Lias, neither has T. con-

fluens, Laube. Cladopliyllia is a subgenus of Theocosmilia. Elysas-

trcea, Laube, has two weU-marked species in the Sutton Stone. Mont-
livdltia simplex has the shape of the calice not merely dependent on
pressure, but caused by normal growth. M. Wcdlice, nob., has no
evidence of " rejuvenescence," and the growth noticed is endothecal,

and would be termed by Lindstrom stereoplasm. M. polymorpTia,

Terquem et Piette, remains a member of the Infra-Lias fauna.

M. peduncidata, nob., is not a Cladopyllia, but a simple coral of the

genus to which it was first assigned. The geological position of

the Sutton Stone and associated deposits is, from the palseontological

evidence, above the Rhsetic Series.

The cast of a Montlivaltia figured in the " Memoir on the Corals

of the Zone of A. angulatus," Pal. Soc. 1808, p. 68, does not coincide

with M. rhcetica, Tomes, but with the form with which it was asso-

ciated by me, namely M. Haimei. Montlivaltia foliacea, Tomes, has

not nine cycles of septa as stated by its describer. The septal

arrangement of M. eoccavata, Tomes, and M. papyracea, Tomes, is

doubtful. TJiamnastroea is not a perforate Coral, but a Fungid.

Synastrcea and Centrastrcea were not founded by M. de Eromentel;
the first originated with Milne-Edwards, and the second with d'Or-

bigny. Centrastrcea is not synonymous with Astroeomorpha^ as

proved by Eeuss and E. Pratz. Oroseris is not a perforate Coral

;

and Milne-Edwards and Jules Haime were quite correct in stating

that the genus " se rapproche beaucoup des Comoseris/' and it is

incorrect to state that one genus really bears only a faint resem-
blance to the other. Oroseris is a subgenus of Oomoseris, which, of

course, is not one of the Perforata. Microsolena, Lmx., is one of

the Eungida.

CyatJiopJiyllia, E. de Erom., is subsequent in date to Antillia,

nob. ; and therefore C. oolitica, Tomes, is Antillia oolitica. Tomes,
sp. ; but, as I now place AntUlia as a subgenus of Circopliyllia,

Ed. and EL., the term should be Circopliyllia oolitica, Tomes, sp.,

providing that the form is not one of the Eungidse, to which group
it has a close resemblance.

What is termed the " rejuvenescence " of corals by some palaeo-

zoophytologists has been long recognized as irregularity of growth

;

and there should be no difficulty in distinguishing worn growth-rings

from calicular gemmation ; but this has been confounded with the

other condition. Oppelismilia, nob., is retained as a subgenus of

Montlivaltia. Aocosmilia Wrighti, Ed. & H., and Montlivaltia {Op-
pelismilia) Rolli, nob., are not identical ; they are both simple corals

and differ from the fasciculate and compound genus Bonacosmilia,

E. de Erom. Epismilia is a worthless genus. Clausastrcea conso^
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hrina, Ed. & H., is not a species of Confusastrcea. Isastra;a tenui-

striata, M'Coj', sp., confounded with some other form, but not

bj its author, is a true Isastrsean. Confusastrcea tenuistriata

Tomes, cannot remain in that genus ; for it has characters

which do not belong to it. Cliorisastrcea, De Prom., is not a good
genus. Thecosmilia gregaria and T. ohtusa are names which should

be retained, and the forms should be removed from Ohorisastrcea.

Heterogyra^ Reuss, is a good genus. Symphyllia Etlieridgei, nob.,

belongs to the genus with which it is associated, and not to

Phyllogyra, Tomes. TJiecoseris is an epithecate Lejptophyllia ; and
T. jjolymorjjJia, Tomes, is quite distinct in its morphology from
Turbinoseris and Palcposens, nob. Cryptocoenia, d'Orb., is an
imperfectly distinguished genus, and is replaced by Cyathophora,

Ed. & H. Therefore Cy aiJiopliora tuberosa, nob., which has not a

close resemblance to C. luciensis, Ed. & H., and also C. Pratti, Ed.

& H., remain as good species of their genus. Cryptocoenia micro-

pliylla, Tomes, is a variety of Cyatliopliora tuberosa, nobis. Mont-
livaltia caryophyllata, Ed. & H., had not its septa wrongly described

by its authors. Eissiparity and gemmation were not confounded by
Milne-Edwards and J. Haime, or by myself. Thecosmilia Slatteri,

Tomes, is a variety of Claclophyllia Babeana, Ed. & H. The
figure given by me of Thamnastrcea Waltoni, Ed. & H., has been
misapprehended.

IsastrcEa oblonga, Ed. &H., was correctly described by the authors,

and no addition to the knowledge of the form has been made. The
genus Isastrcm has its species budding within the calice and close

to the outer wall, never, as " stated, between the walls of calices.

Heliocoenia is a subgenus of Stylina, has not a lamellar columella,

and differs from Placocoenia, d'Orb. Isastrcea Conybeari, Ed. & H.,

is a good species; it is not the same as Clausastrcea=Pl€rastrcea

Pratti, Ed. & H. The type specimen of Plerastroia Pratti, Ed. & H.,

has a columella ; and the authors of the genus did not describe it

as having an essential columella. The genus Platastra^a does not

include these forms. Bathycoenia, Tomes : nothing was stated in

the worlc called a " Revision of the Genera of Madreporia " about the

similarity of the genus and Stylosmilia. This statement is difficult

of explanation.

Every one of these numerous statements is made in opposition to

the opinions of Mr. Tomes. Proper acknowledgment is made
regarding the useful knowledge conveyed by Mr. Tomes about the

localities of corals and the zones in which some occur.

The author of this communication agrees with Mr. Tomes on two
points :—Mr. Tomes has shown that, owing to the matrix of

Cyclolites Lycetti, nob., not being sufficiently removed, the form is

his Dimorphastrcea duhia, and that properly the generic term should

be Dimorpharcea. Again, Mr. Tomes has raised much doubt in my
mind where a species I had placed under the genus Lepidophyllia

should be placed
;
probably it will have to come within Donacosmilia,

as stated by Mr. Tomes ; but Donacosmilia requires careful working

out.
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Discussion-.

Mr. Etheridge thought, with the author, that it was impossible

to mistake Astrocoenia for Stylastrcea or a coral with coenenchyma

between the walls. It had been clearly shown that Mr. Tawney's

correlation of the Sutton Stone with the St. Cassian or the Muschel-

kalk was based on a wrong identification of certain fossils. Mr.
Etheridge had not seen any of the corals belonging to Mr. Tomes
and commented upon by Dr. Duncan.



OPENINGS IN LIASSIC AND OOLITIC ROCKS OF OXFORDSHIEE 143

10. Note on some recent Openings in the Liassic and Oolitic Rocks

of Pawler in Oxfordshire, and on the Arrangement of those

Rocks near Charlbury. By F. A. Bather, Esq., Scholar of

jSTew College, Oxford. Communicated by Prof. Prestwich,

M.A., F.R.S., F.G.S. (Read December 2, 1885.)

[Abridged.]

This account was written to bring before the notice of practical

geologists some new sections on the works of Messrs. Bolton and
Partners, at Fawler. The district treated of lies in quarter-sheet

45 S.W. of the Survey Map, and was described by Prof. Hull in his

accompanying memoir, 1859, to which nothing was added by Prof.

Green in his memoir, 1864. Accurate description rather than

speculation has been aimed at ; still, as some alteration seems neces-

sary, its probable lines are suggested from personal examination of

the neighbourhood. The Evenlode valley exposes Liassic rocks to

about I mile below Fawler, where Great Oolite is brought down by
a fault. Since the locality is well known, I proceed to describe the

sections in ascending order.

Section A, in the brickyard (about the position of the " 2," in

" / " at Fawler).

ft. in.

Soil formed by decomposition of marlstone rock-bed, containing in

its lower part fragments of the same 1

e. Eeddish-yellow loam, in alternating bands of more or less sandy or

clayey nature ; a hard band at junction v^ith marlstone rock-bed 11

?. Blue clay containing nodules of harder rock, and a few Septaria,

visible for 20
But a boring has proved the existence of the same rock to a further

depthof 100

The cores of the boring were not preseiwed ; they were, I am told,

of the same character throughout. The line of junction of beds e

and I, is 14 ft. above the bed of the river.

Section B, in a coombe across the road N.E. of the brickyard,

clearly marked on the map by a branching-off of the Lias and In-

ferior Oolite into the Great Oolite plateau. A deserted opening

extends S.W. byN.E., along the north side of this coombe for nearly

200 yards. The strata here are so variable in thickness that no
definite section can be given. The lowest is marlstone rock-bed (o),

varying from 8 to 10 ft., but in one part so displaced that it appears

in vertical section 12 ft. thick. At the west end of the pit it has a

N.W. dip, circa 15°. Lying on the broken surface of this rock is a

blue clay (Upper Lias, y) with average thickness 5 ft. : this fills the

fissures of the marlstone, forming " clay joints," doubtless made
after upheaval by a sinking-in of the clay ; thus the surface of the

clay is itself rendered uneven. The clay is capped by a rubbly

limestone (/3), the zone of Clypeus Plotii, Inferior Oolite, here worn
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down by recent denudation to a thickness of 6 ft. The whole is

overlain by trail formed during the erosion of the coombe, 3 ft. thick

at the east end.

Section C, running parallel with the river, and beginning about
1(10 yards north of the brick -pit. The strata dip F.N.W. along
the line of section. The marlstone rock-bed (3) is at the base.

The clay (y), which overlies it, increases in thickness towards
N.lSr.W., and where measured showed 11 ft. The rubbly bed (/3)

is here 17 ft. 8 in. ; as it dips it is covered by a bed of more homo-
geneous limestone (a), which, where the section ends, measures
15 ft. This is of finer texture and burns into a very pure lime ; it

weathers into a white powder and is easily distinguishable from the
dirty yellow of the Clypeus-grit.

The sections above described may be compared with that given

by HuU (op. cit) as occurring in the lane from Pawler to Tapples
"Wood, on the west side of the valley ; the beds here are 14 ft. below
the level of those on the east side.

Generalized section of the strata at Pawler :

—

ft. in.

a. Pure limestone, weathering white ITy

(3. B,\xhhlj jeWow limestone, with C. Plotii 17 8
y. Blue clay, with Upper-Lias fossils 11 ft. to 5
^. Marlstone rock-bed, with Iron-ore 9
e. Marlstone sands 11

^, Blue clay, known by boring for 120 0-f-

The beds /3, y, 3, and e have been described by previous writers :

(3 is the uppermost bed of the Inferior Oolite series ; a should, I
believe, be classed with Great Oolite, though it is perhaps below
the Stonesfield Slate ; in the absence of fossils its exact horizon

cannot be determined.

The bed i^ contains, among other fossils, in its upper part Ammo-
nites margaritatus and, slightly below, A. capricornus ; on this evi-

dence it would be referred to Middle Lias ; at the same time it is

undoubtedly homologous with beds at no great distance classed as

Lower Lias by previous workers. See two papers by Mr. T.

Beesley, (1) " The Lias of Eenny Compton," reprinted from ' Ban-
bury Guardian,' 1877 ; (2) " Geology of East portion of Banbury
and Cheltenham Eailway," Proc. Geol. Assoc, vol. v. no. 4. The
life-zones there described seem to agree with those at Fawler, but

the character of the rocks is most variable. The Fawler series closely

resembles that found in Dorsetshire, where clays beneath the marl-

stone sands, containing A. margaritatus, are called Middle Lias *.

If, as I hope, the workings at Fawler are continued, we may expect

to find the paloeontological line between Middle and Lower Lias

within another 20 ft.

In order to determine the relations of the bed <^, the banks of the

Evenlode were examined for several miles up stream. The Survey

map brings " Lower Lias " down the valley to within | mile of

* E. C. Day, " Middle and Upper Lias of the Dorsetshire Coast," Quart,

Journ. Geol. Soc. xxx. p. 278, 1863.
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Charlbury Eailway Station. The only evidence found was at Cal-

sham Bridge. On the right bank of the river, 40 yards below the

bridge, there crops out just above water-level a hard rock clearly

proved by mineral character and included fossils to be the marlstone

rock-bed ; above it lies vi situ a blue clay with Upper Lias fossils,

here 40 ft. thick and overlain by Inferior Oolite. This clay can be

traced down the valley to within ^ mile of Charlbury.

From Calsham Bridge, where Upper Lias is at the surface, the

strata dip gently to the S.E. ; a fault N.W. of Charlbury brings up
the Marlstone, but does not interrupt the prevailing dip, which con-

tinues to a mile S.E. of Charlbury ; the rocks then rise again gently

till Pawler is reached ; here a sharp anticlinal has brought up the

lower clays <^, and broken the beds across, assisting the formation of

the coorabe : j mile S.E. of this anticlinal is a fault, where the

Liassic rocks disappear under the Oolites, and the main S.E. dip

continues in the direction of Oxford.

Appendix (January 1886).—Since this paper was written, in

August 1885, little has been done at Pawler to elucidate the re-

lations of the bed <^, while the weather has rendered field-work

very difficult. I have, however, traversed the district between

Chadlington and Charlbury, seeking for evidence of the infra-

marlstone position of the clays there marked on the map as " (j^ f to

this end I have examined every ditch and stream. The rocks

between the lower clays and the Inferior Oolite would be at least

30 ft. thick here, probably 50 ft., and of these the Marlstone is very

characteristic and easily discerned. But clay has been traced from
below Inferior Oolite, right down to the river, without a fragment

of Marlstone appearing. The only Marlstone seen above Charlbury

has been at river-level, and the Lias clay was over it.

Discussion.

Prof. Prestwich remarked that the section described was an inter-

esting one. Its working had been abandoned for some years, but it

had been recently resumed, and extended considerably to the north.

It was within a mile or two of Stoneslield An interesting point

was the thinning-out of the Upper Lias and Oolites, pointed out by
Prof. Hull : but this new section showed that the Lower Lias does

not share in the thinning. Some fossils from the upper sandy beds

of the Lower-Lias clays would seem rather to show that they

belonged to the Marlstone.

Mr. ToPLEY drew a sketch of the succession of tho beds in the

neighbourhood, showing that 50 feet represent all the Cotteswold

escarpment, and this thinning accounts for the greater part of the

dip of tho Inferior Oolite.

Mr. Walford said that at Fawler the passage was gradual from

the Marlstone to the thin representative of the Cephalopoda-bed at

the base of the Upper Lias. Perhaps part of the Upper Lias was
removed bv denudation before the Inferior Oolite was deposited. At

Q.J.G.S. No. 1G5. L
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Charlbury the Inferior Oolite passed without break into the lime-

stones, which the author had called Great Oolite.

Mr. Etheridge said that the paper was confined to the Evenlode
valley and was not extended to the country around. Ammonites
margaritatus was said by the author to be found in the Lower Lias

;

but it never occurs in that bed, being characteristic of the Middle

Lias.

The Author, in reply, said that A. margaritatus occurred within

three feet of beds containing A. raricostatus{2).
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11. Oil a recent Section through Walton Common exposinrj the

London Clay, Bagshot Beds, and Plateau-gravel. By

W. H. Hudleston, Esq., M.A., F.E.S., Sec. G.S. (Read January

13, 18S6.)

Introduction.

During the past autumn the London and South-Western Railway
Company has been engaged in widening the line between AYalton

and Weybridge stations, and consequently there has been an excellent

exposure of the beds composing the Walton-Oatlands plateau. The
communication now made to the Society relates only to such portion

of the railway-cutting as extends from Walton station in a west-

south-west direction to the boundary of Oatlands Park, and more
particularly to that portion of it known as "America." The total

length, as measured on the 6-in. Ordnance map, is 1070 yards.

This distance is divided unequally by the railway bridge on Walton
Common known as " Sir Richard's." The distance between Walton
station and the centre of this bridge is 710 yards, whilst the distance

from this point to the boundary of Oatlands Park is 360 yards, or

thereabouts.

For the purposes of description and convenience of reference, the

entire section may be divided into four blocks.

Block A extends from Walton station to where the unaltered

London Clay in seen to occur in situ—a distance of 313 yards.

Block B extends from this to the point where the Bagshot Beds

are first seen in situ—a distance of 345 yards.

Block C extends from the above to the point where the Bagshots

are first cut through to the level of the line, and the hoUow filled

up with Plateau-gravel—a distance of 165 yards.

Block D exhibits the relations of the Bagshots to the Plateau-

gravel, where the latter is most fully developed—a distance of 247
yards.

The above divisions are shown on the generalized section (fig. 1),

which may be regarded as a summary, on a small scale, of the

sections presently to be detailed. It must be borne in mind that,

owing to the exaggeration of the vertical scale, a certain amount
of distortion is inevitable.

A few remarks on the topography of the district, and on the

formations composing it, together with a brief notice of the litera-

ture, may be of use in the first instance.

Walton station is 17 miles from Waterloo ; it is situated about

midway between the 50-feet and the 100-feet contours (see fig. 2),

arid lies within the drainage of the river Mole. The line is 68 feet

above 0. D. at this point. The 100 feet contour is reached at the

bridge, where the cutting is estimated to have a depth of 24 feet.

At Weybridge station the surface of the ground is marked as 120

feet above 0. 1). Hence the plateau traversed by the railway, which
we may call the Walton-Oatlands plateau, ranges from a little

under to a little over the 100-fcet line, forming a low massif or

Q. J. G. S. No. 166. M
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t The official measurements are 2 feet higher in each case ; but these com-
prehend material which probably could not fairly be included in a geological
section. The annexed figure (fig. 1'), supplied by the engineer's department,
through the courtesy of Mr. J. W. Jacomb Hood, shows the gradients between
Walton and Weybridge stations.
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promontory, which separates the valley of the Mole from the valley of

the Wey. Towards the former the slope is gradual, towards the latter

somewhat abrupt. It should also be borne in mind that towards

the south-west this plateau reaches the northern slope of St. Greorge's

Hill, whose northern brow attains a height of 245 feet, where another

and much narrower area is continued towards the south for about

Fig. 2.

—

Shetch-map sliowing the position of the section.

'-"100f

%

^ Mixed Gravel

Plateau Cravel
.t?'S „. fresk section "* over London Clay

Plaicau Gravel

1000 ft BaffsTiol Ben «

one mile. Hence there are two principal plateaux in this district,

of which one is about 140 feet higher than the other. It is on these

flats, and not by any means on the slopes, that the Plateau-gravel is

found*.

The following may be regarded as the principal formations or

subformations of the district which we shall have to consider. (See

fig. 1.)

(y. Top sand.

x\ Mixed gravel.

X. Plateau-gravel.

b. Lower Bagshot Beds.

c. London Clay.

Of these the " to'p sand " (v/) and the " mixed gravel " (x) are more
or less local deposits, not to be found perhaps under precisely similar

conditions elsewhere. The Plateau-gravel, also described as "hill-

gravel of doubtful age," is well known to dwellers in the Bagshot

districts, though it generally occupies higher ground. In fact the

"Walton-Oatlands plateau is perhaps the lowest elevation where this

particular kind of gravel is known to occur. It is briefly described

by Mr. Whitakert, who says, " It is not unlike much of our later

* The following distances of certain points from Sir Eichard's Bridge, taking

this as a convenient centre, are given :

—

Nearest point of River Mole, E. by S 1 m. 735 yds.

Nearest point of River Thames at Walton water-

works, N.N.W 1 m.
Oatlands-Park hotel, W.N.W 1465 yds.

Weybridge station, W.S.W 1 m. 930 yds.

St. George's Hill, north end of plateau, S.W. ... 1 m. 840 yds.

t ' Guide to the Geology of London,' p. 63.

m2
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gravel, which is connected, more or less, with the present valley

system, and it is, indeed, sometimes hard to distinguish the two."

Prof. Rupert Jones *, referring more especially to the neighbourhood

of Camberley, estimates the depth of the Plateau-gravel with loam
at 12 feet (p. 433), and he also remarks (p. 438) that " it is not the

Tertiary sands that form the actual surface of the Bagshot district,

but certain gravels which have been referred to as coating the

plateau and hill-tops The gravel consists chiefly of sub-

angular flints from the Chalk with Tertiary pebbles (usually dark
in colour); there is also a large percentage of chert from the

Neocomian sands of South Surrey, a free sprinkling of quartz in

small pebbles (rarely so large as a thrush's egg), and occasional

large blocks of concretional sandstone from the Bagshot Sand."

Purther on, the same author describes the character, and discusses

the origin of the Plateau-gravel, alluding especially to the formation

of " iron-pans " therein at various levels, but more especially at the

bottom, and shows how such pans have acted in the preservation of

the underlying sands.

The Bagshot Beds of the Weybridge district were noticed in Prof.

Prestwich's classical paper written in 1847 1- The author observes

(p. 381) that " at St. George's Hill near Weybridge the [Lower
Bagshot] sands may be traced from the London Clay at the base of

the hill to the outcrop of the green sands [Middle Bagshots] about

halfway up it, a thickness of about 130 feet." He also says, " This

division [viz. the Lower Bagshot Sands] reposes conformably on the

London Clay,^^ adding in a note, " This was well exhibited in the

railway-cutting through St. George's Hill. At the end, near the

Walton station, I traced the London Clay for a distance of several

hundred feet passing conformably below the Loiver Bagshot Sands.''

This is quoted by Mr. Whitaker J in 1872 in describing the main
tract of the Lower Bagshot Beds. Very interesting lithological

details of these beds are given by Prof. Prestwich, who, amongst
other things, has noted an instance § in Goldsworthy Hill of the

lateral passage of these light-coloured siliceous sands into a dark-

grey laminated clay. This occurs at the top of the series and
immediately below the Middle Bagshots.

Details oe the Section. Block A. (See fig. 3.)

The line at Walton station is on the level of the country, and as

we proceed westward the rise for the first 60 yards is so slight that

no certain exposure is yielded; such indications as exist are of a

sandy character. The first bed which becomes distinct is the " Top
Sand," here about 2 feet thick. At the point marked m (fig. 3) we
find indications of the " Mixed Gravel " series (^' of the general

section), and water is noted in the gutter for the first time. The

* "Excursion to Oamberley," Proc. Geol. Soc. vol. vi. p. 329, and "Geology
and Physical Features of the Bagshot District," ib. p. 429.

t Quart. Journ. Geol. Soc. vol. iii. p. 387 et seq.

I
' Geology of the London Basin,' p. 315.

§ Loc. cit. p. 382.
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remainder of block A, with the exception hereinafter to be men-
tioned, is made up of this series overlain by 2 or 3 feet of a " Top
Sand," rather flinty in its lower parts. This mixed gravel and clay

makes a very wet line hereabouts. At the point n (192 yards from

the station) the following section was disclosed :

—

ft. in.

Made surface of old path 4

(y) Top Sand, sometimes with bleached flints towards
the base 3

(x') Clay, sand, and pebbles with bleached flints 2 10

Total 6 2

The succeeding 50 yards discloses still more of this curious

mixture. A.s a whole, its character is strongly argillaceous, but

neither on the line nor in the section can a blue clay be discovered.

Lumps of brownish clay with pebbles occur in the midst of the

sands. Some of these lumps may be in continuity with the London
Clay beneath ; but, so far as we can judge from this section, the

whole must be regarded as a disturbed series, and classed with the

superficial deposits.

At the point marked o (about 240 yards from the station) the

clay and sand with pebbles or "mixed series " is jammed against

the end of an included mass of what appears at first sight to be

yellow Bagshot Sand. The true nature of this mass of sand, 70 yards

in length, fully 12 feet thick at the west end or " corner," and taper-

ing to about 2 feet at the east end, is by no means clear. If we
examine it where narrowest, it can be regarded as nothing more than

a tongue of sand in the " mixed series," since the gravel underlies it

as well as overlies it ; but further up, where it gets thicker, nothing

can be seen to underlie the mass, of which the lowest visible bed is

a wet sandy loam. Where thickest, the yellow sand is much current-

bedded with inclination towards the east, but chiefly in the middle

and upper portions. The sand of these false-bedded portions is in

no respects like the sand of the main mass of the Lower Bagshots,

being entirely devoid of ihe laminated character, and also having

the grains larger and more unequal. It has more resemblance to

the lowest bed of the Lower Bagshots (No. 1) presently to be de-

scribed, but is coarser and more unequal in the grain. Both, how-
ever, are sharp, clean sands, in comparison with the "soft sand" of

the main mass of the Lower Bagshots hereabouts. It is a singular

accident that the almost ubiquitous " Top Sand " is absent where
this mass comes to the surface. The whole terminates in a most
remarkable and sudden manner (see flg. 3, junction of blocks A & B,

313 yards from the station) against an equally sharp and sudden

rise of London Clay covered by Plateau-gravel. The space between
the clay and sand is filled with a mixture of gravel and loose yellow

sand, and this gravel passes for some distance underneath the solid

mass of yellow sand itself.

The above remarks are strictly descriptive, but the " mixe^ series
"

and the sudden termination of the yellow sand cannot fail to provoke
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a certain amount of speculation. In the Survey map, which gives

the superficial geology of London and its environs, Lower Bagshot

Sand in situ is represented here ; and a fringe of Lower Eagshots is

shown all along the eastern margin of the great mass of Plateau-

gravel to which allusion has been previously made. When first I saw
this place it occurred to me for a moment that there might be a fault

here which had let down the Bagshots, so as to preserve them from
destruction, and also accounting for the singular position in which
the yellow sand is found in reference to the London Clay. Some-
thing of this kind there may be, yet it could hardly account for

everything on the supposition that the yellow sand is nothing more
than a mass of Lower Bagshot in situ. Besides, the lithology is

against this supposition. On the whole I. am rather inclined to

believe that the upper and more false-bedded portions of the yellow

sand have been reconstructed with a slight intermixture of foreign

material. The only portion, then, really in situ, on this supposition,

is the lowest part of the mass, beneath which no gravel can be

detected. It is perfectly obvious that the eastern end belongs to

the ''mixed series;" and perhaps the whole of the "yellow sand,"

with the exception of the horizontally bedded sands at the base,

should be classed with the " mixed series" (cc').

This latter may be regarded as constituting a sort of passage

between the Plateau-gravel and the Thames-valley gravel—a view
which accords well with its position on the slope. If this be correcft,

it is just possible that the old margin of the Mole-valley inlet may
at one time have been at the spot where this reconstructed Bagshot

Sand now abuts against the steep surface of London Clay covered by
Plateau-gravel. The action of coast-ice, too, may have had some-
thing to do with the peculiarities to be noted hereabouts, and some
of the sand lumps in these gravels may have been frozen, and so

kept together ; but I am inclined to think that reconstruction by
water will account for most of what we see as regards the yellow sand.

On reexamining this section in the early part of January 1886,

the improbability of this yellow false-bedded sand at the " corner,"

repres'enting Bagshots in situ, as indicated in the Survey map, was
still more strongly impressed upon me, since the general structure

of the sand and the entire absence of the thin argillaceous layers is

so different from what obtains even in the basement-bed of the Lower
Bagshots. These remarks apply more especially to the upper part

of the deposit, where a singular appearance was noted towards the

surface, which I have endeavoured to represent in fig. 4.

The following notes as to the character of the two varieties of

sand are appended :

—

A. The main mass or false-bedded series. The quartz grains are

irregular, and are often pebbles reaching a diameter of 3 millim.

Bleached flint chips 5 or 6 millim. in diameter are not uncommon.
It contains the elements of the basal sands of the Lower Bagshots,

together with rounded grains of dull quartz of the size before

mentioned. Resembles in many respects the sands of the Plateau-

gravel, but cleaner.
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B. Contains pebbles. One of iron-sandstone between 50 and 60

millimetres in longer diameter, also a bleached angular flint of

about the same size. The quartz grains are more rounded, duller,

and more unequal than in A.

Fig. 4.

—

Singular Appeaimnce in the false-bedded Sands at the

" Corner/^

B represents a mass of sand irregular in shape and devoid of bedding, enclosed

in the false-bedded series (A). Its outline is ill-defined, much more so

than in the figure, and but for the complete absence of bedding one would
hardly notice it. The current-bedding of A, which inclines to the east-

ward, appears to suffer no interruption.

Block B. (Fig. 1 and part of fig. 3.)

Commencing with the sudden appearance of the London Clay in

situ, the second block comprises that portion of the cutting where
the London Clay forms the sides, and is directly overlain by the

Plateau-gravel. This is the longest block of the four, and perhaps,

on the whole, the most monotonous. Within this space the portion

of the London Clay exposed above the permanent way, after rising

pretty sharply at the " corner," constitutes a sort of plateau of

denudation, ranging from 10 to 15 feet above the line. The surface

is undulating within these limits, more especially towards the

western extremity of the block, where a shallow valley may be

noted. Beyond this the curve of the London-Clay surface rises to

13 feet, just before commencing that well-developed drop which
brings in the bottom beds of the Lower Bagshots on the west. No
fossils or Septaria were observed by me. The clay, when wet, is

bluish and tenacious ; when dried it is seen to be moderately sandy,

and of a darkish grey. The discoloured layer at the top is mostly

of a dull red, but varies to brown and yellow. It is usually less

than a foot thick beneath the gravel, except where there has been

a slight rupture of the surface, in which case the zone of discolora-

tion is wider. These phenomena are very similar to what was
observed in the " red loam " or " wet clay " of the New-Law-Courts
site *.

* See paper by Hudleston and Price, Proc. Geol. Assoc, vol. iii. p. 44 (1872).
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The following note is given as to the character of the dried claj'.

The London Clay of the Walton cutting breaks into greyish lumps

made up of finely granular matter with sparkling points. These are

mostly clean quartz, with perhaps a speck here and there of white

mica. These lumps crush into a fine grey and subangular powder.

There is considerable equality amongst the constituent granules,

which have an average diameter of -08 millim. The granules are

mainly quartz, but nearly always invested with a greyish white

kaolin-like substance, which breaks off in very thin flakes ; it is by
means of this substance that the aggregation of the quartz granules

is effected. As in the Lower Bagshots there is a moderate quantity

of green grains, both pale and dull green, always very small. Pieces

of an iridescent mineral, probably sulphide of iron undergoing

oxidation, may also be noted.

One of the slides exhibited represents the very coarsest particles

after washing, and here a certain number of larger quartz grains

may be noted ; these are mostly rather rounded at the edges, and

present an exceptional feature as regards size. Amongst the thin

flakes of the kaolin-like substance are numerous specks of quartz

(much smaller than the grains), but notwithstanding their extreme

smallness in very good optical condition. This is shown in another

slide.

When the section was very fresh the bedding of the London Clay

was almost invisible, and the clay looked like a mass entirely homo-
geneous. Weathering has subsequently developed the bedding,

especially of the upper layers, which, on the whole, are more sandy

than those of the base of the cutting. It is only in a few places

that the bedding is visible. For instance, wherever the sides of

the cutting have been sloped, the sliding forward of the superin-

cumbent gravel has effaced every feature ; but there are some por-

tions towards the centre of block B where the bedding is very well

seen. The occurrence of ribands of light-grey sand, near 2 inches

in thickness, helps to bring it out more distinctly. Where visible

there is a dip of about 1°, or rather less, down the line, i. e. towards

the west. If this is continued the beds at the junction with the

Bagshots must be higher in the series than those in the middle of

block B. Besides the ribands of sand already mentioned, lenticular

patches of small extent may be noted. The deficiency of calcareous

matter is probably the cause of the absence of Septaria throughout

the London Clay of this cutting.

A further microscopic examination of the sand-grains in the

London Clay shows that angular quartz, mostly of a highly vitreous

kind, immensely preponderates over all other constituents, which
latter may be regarded more or less as mere accessories. In the

clayey or unctuous varieties these grains are often more like quartz

chips or splinters, and range from -^^-^^ to J^ millim. in diameter, but

with an admixture of a larger size, from i to y^^ millim., which
were originally more cubical in shape, and are sometimes a little

rounded. This seems to point to two independent sources for the

material of the deposit. In this variety the black specks are mostly



156 MR. W. H. HUDLESTON ON A SECTIOlSr THROUGH

due to iron mineral. Glauconite granules were not observed ; but

there are a few angular fragments of a clear green mineral

substance.

In the more sandy beds there is not quite such an immense pre-

ponderance of quartz, since we find more " glauconite," of a pale

greenish grey, and in some cases of a marked green colour. The
quartz is more frequently cubical in form, but rarely rounded

;

vitreous varieties predominate. The size of the granules is perhaps

from J^ to yL. millim. but with stray pellets up to -i- millim.

Within the above limit, there is considerable variety in the different

beds, more especially as regards the amount of " glauconite." In
the ribands of sand before mentioned the grains are quite clean, and
may be examined without washing. The sample is very similar to

the washings obtained from the sandy clays, but the general colour

of the mass is rather paler.

The Plateau-gravel over tJie Lcnclon Clay.—At the "corner,"

where everything is muddled up, pieces of discoloured sand may be

noted in the Plateau-gravel. As a rule, throughout the eastern

portion of the block, even including the " Top Sand," here very thin,

it does not exceed 6 feet in thickness, but further westwards is seen

to increase. The undulations in the London-Clay surface are com-
pensated by the irregular depth of the Plateau-gravel. Over the

clay area the proportion of sand is less. Pebbles and regular

bedding predominate in the lower portions ; the upper part of the

gravel is more messed, contains more angular flints, and is, on the

whole, more sandy. The downward action of solvents has caused

the lower pebbles to possess the strongest coating of iron oxide.

In some places there is a thin ferruginous pan at the junction with

the London Clay ; and in one place this has assumed rather consider-

able proportions. The higher pebbles and subangular flints are more
or less bleached.

The preceding considerations lead us to conclude that the line of

London Clay on Walton Common, in maps showing the solid geology,

should be advanced westwards till within 30 yards east of the centre

of Sir Eichard's Bridge : whilst, if shown on the permanent way,

the boundary-line must be advanced considerably beyond that

bridge.

Block C. (Fig. 5.)

Though the shortest of the blocks, perhaps this is the most inter-

esting, since we here obtain evidence of the relations of the basal

beds of the Lower Bagshots to the London Clay. Fig. 5 is an

enlargement of that portion of block C which lies west of the centre

of the bridge.

As the curve of the London-Clay surface sinks in a series of minor

undulations towards the west, traces of the lowest bed (No. 1) of the

Lower Bagshots may be noted about 30 yards east of the centre of

the bridge. It is a yellow sand, nearly 2 feet thick here, and ter-

minates with a very blunt point against the London Clay. At the

centre of the bridge the following section was observed :

—
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Section at Sir RicJiarcVs Bridge.

ft. in.

The superficial beds (estimated) 17

ft. in.

["Yellow sand 5

No. 1. Lower Baffshots... i c-u^ ^ ii
j" '

"-Vi!."
'

"

i

° bharp yellow sand with ochrey

[ layers U 2

i-^^-ciay
{Sre".°.'.''.::::::;::;:::::::: 4 I ^^

Total 24

IS'o. 1 is rather nipped here by the superficial beds*, but presently

acquires considerable thickness ; at the west end of the bridge it is

seen to be covered by No. 2, as shown in the figure. Originally this

bed may have overlapped N'o. 1, but there is now no trace of it east

of tbe bridge. One might as well try to diagnose the colour of a

chameleon as to describe 'No. 2 with any pretensions to absolute

accuracy. Speaking generally, it is a very dark sticky clay in thin

laminae : but it is so much permeated by sands of all colours, and

changes, within such short distances, to brown and red clays, with,

thin pans of iron-rust, that no single description will suffice. The
general eff'ect produced in section, by contrast with the sands above

and below, is a dark blue ; hence I call this bed, or series of beds,

the " Blue Bagshots." The average thickness is about 4 feet.

Already, at the point where the London Clay falls below the level

of the permanent way, the Bagshots have attained a thickness of

10 feet, partly made up of No. 2, but principally owing to the great

expansion of jSTo. 1, which is very irregular and false-bedded, some-

times pinched by No. 2, and sometimes expanding suddenly. This

false-bedding frequently changes in direction, and especially on

either side of a thin seam of brown clay, as may be noticed in the

annexed sketch by Mr. Foord (fig. 6). A very few inches of No. 3,

which represents the main body of the Lower Bagshots hereabouts,

contributes to the total of 10 feet at this point.

About 80 yards west of the centre of the bridge the Bagshots

attain their maximum tbickness in block C. This is made up as

follows :

—

ft. in.

No. 3. Buff sands, partially laminated 4 2
ft. in.

No. 2. Upper clay 10
Red sands 1 10
Lower Blue Clay 12 3 10

No, 1. (Base not seen) 3

Total , 11

West of this, No. 1 is lost on the dip, whilst No. 2 is cut out as

sbown in fig. 5, together with the overlying bed. The consideration

of this feature belongs more properly to the fourth block (D).

* Perhaps the construction of the new arch may have helped this.
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In block C the contrast of colouring is very effective. The dark
blues of the moist clays, and the reds, chocolates, yellows, and
whites of the sands produce a pleasing and striking effect, which
prolonged exposure to the atmosphere will doubtless tone down.
At first sight there is a superficial resemblance between the London
Clay of the section and No. 2 of the Bagshots, but the former is

more homogeneous, and not laminated, and the thin ribands of

intercalated sand, which it contains at rare intervals, are regular in

their occurrence and deposition.

The entire section is strongly suggestive of unconformity between
the London Clay and the Lower Bagshots at this point. It would
be impossible to find a sharper lithological contrast than is pre-

sented by the London Clay and the yellow sands of No. 1, the lowest

Bagshot bed. At the same time the stratigraphical evidence seems
also to point in the same direction. There is no conformability be-

tween the London-Clay surface and the undulations of No. 1. On
the contrary, where the surface of the London Clay presents a slight

depression this bed not seldom shows a protuberance. To me it seems

probable that these loosely aggregated and current-bedded sands were
deposited against the eroded slope of the London Clay, just as we
now see them. An important feature in the case is that the London-
Clay surface rises at least 4 feet higher on the east than any part of

the lowest sand-series (see %. 1). Doubtless both the blue beds

(No. 2) and the buff laminated sands (No. 3) overlapped, and have
been removed by denudation ; but this does not alter the fact that

the lowest bed of the Bagshots is seen to abut against a surface of

London Clay, and not to conform to it. Moreover, the westward
slope of the London Clay visible in section, which falls from 13 feet

to zero in about 100 yards, has not by any means the appearance of

a true dip-slope. On the contrary, the undulations of its surface

seemingly point to erosion previous to the deposition of any of the

Bagshot beds*.

As before observed, the very marked change in the lithology also

points in the same direction. There are, of course, numerous
instances where a clay series gradually becomes a sandy series, and

yet where the change of colour is often rather sharp, although the

lithological differences at the point of contact of the two colours may
not be very strong. But in this case the contrast between the grey

London Clay, sticky and dark coloured, and the bright-yellow sand

of No. 1, incoherent and full of false-bedding, is fairly borne out by
an examination of their intimate composition. A brief notice of the

lithology of the London Clay at this place has already been given,

'^ It is much to be regretted that the works of the bridge prevent a thorough
understanding of this, the most critical part of the whole section. The mean
slope of the London-Clay surface at this place may be taken at 1 in 23, which
gives an angle of about 2i° to the westward, or not very much in excess of the

observed dip of the London Clay of the central portions of block B. Unfor-

tunately that portion of the London Clay which underlies the Bagshots is too

much "muddled" for the bedding to be made out. If we could prove with

certainty that the ends of the beds were truncated by the slope, the evidence of

unconformity would be complete.
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and I will now proceed to make a few observations on the Bagshot

Sands of this place, selecting No. 1 as the type, because the con-

stituent grains are comparatively large, and because, where it is

thick and current-bedded, the grains are remarkably free from

ochreous or other investment.

The sample now under description was taken from the very

thickest part of the bed and towards the middle of it : it is a light-

grey sand with black specks, passing laterally into bright-yellow

sand. The following are the chief constituents in order of abun-
dance :

—

(1) Vitreous quartz, mostly angular: size of grains ranging from
about 0'9-0'27 millim., average perhaps 0*4 millim. This forms

the bulk of the sand.

(2) Opaque and coloured quartz, partly, perhaps, chalcedonic:

grains often rounder and slightly larger than in the other variet)'.

(3) Angular, subtransluceut fragments, black in reflected light,

believed to be chips of flint or chert. Also angular fragments of a

dull black mineral, probably the "lydite" of authors.

(4) Green renuline granules, some of which must evidently have

been casts of organisms, probably Foraminifera. These granules

are smaller, on an average, than the quartz grains, and are fre-

quently fractured, appearing as fragments. They are not sufficiently

numerous to materially affect the colour of the sand. Doubtless

this is the so-called " glauconitc," which, in the present case, I take

to be mainly a hydrous ferric silicate, with variable proportions of

alumina and small quantities of protoxide bases.

(5) Granules of iron-oxide here and there ; magnetite extremely

scarce.

Siqyjplementari/ Note as to Nos. 1 and 2 Bagshots.

K'o. 1. A fresh sample of this clean bright sand confirmed the

features already indicated. Many fine examples of glauconite in

renuline granules, some after Glohigerina. The average size of the

granule in this sample was estimated at J millim.

Noted an oval grain of quartz, 2| miilim. in length. The dark

flakes are evidently some chalcedonic form of silica ; but how is it

that they are not bleached like the flint chips in the sands of the

gravels? A single small fragment may be a bleached flint chip.

No. 2. The sandy beds of No. 2 contain a considerable amount of

iron mineral. The red sands of this series and associated clays

contain quartz pebbles up to 4 and o millim. in diameter.

About the junction of Nos. 1 and 2 are numerous woody frag-

ments bored by Teredo, and afterwards partly pyritized. Very often

hardly anything is seen but the form of the tube associated with

brown oxide of iron.

The next bed which has to be considered is No. 2, or the Blue
Bagshots : this is mainly argillaceous, but with seams of sand in-

cluded, which are often rather coarse and very ferruginous. As
before remarked, the lithology of this bed varies so much within

short distances that a detailed description would be interminable.
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Some of the clay is intensely greasy. There is one phase which
occurs so frequently that it may be deemed characteristic. It is

where the dark unctuous clay is pervaded in a very singular manner
by very fine grey sand, which can neither be said to occur in seams
nor in layers. This peculiarity is recognized by well-sinkers, and
serves to distinguish it from the London Clay. Towards the south-

east of St. George's Hill, about a couple of miles from our section,

there is a well which is said to go through a great many feet of " blue

sandy stuff," which is not London Clay. Part, at least, of such a

well-section may be in the "Blue Bagshots ;" but if so, they must
have thickened enormously. To a certain extent one is prepared

for this thickening by an inspection of the vertical section of the

Bagshot strata disclosed in the trial-boring for the deep well at

Wellington College supplied by Mr. Irving*, who gives no less than

35 feet of " blackened marl and clay, laminated in its upper portion."

That author remarks, with reference to the Wellington- College bore-

hole, that the uppermost 25 feet of the bed referred to are strongly

laminated ; the remaining 10 feet pierced have more the character

of London Clay than anything else. "Here then," he says, "we
seem to find a passage of the London Clay into the Bagshot SandsT
I would only remark that nothing whatever of the nature of marl

has occurred to me in connexion with any of the Bagshot beds of

our district ; indeed the amount of calcareous matter in all the beds

is exceedingly small.

On the whole, No. 2 of the Walton-Common section is tolerably

impervious ; and, whether it is in contact with the Plateau-gravel,

or with higher beds of the Bagshot series, there is generally a strong

ferruginous pan at the top of it. Undoubtedly this is the bed which
has to answer for some of the peculiar water which the Lower
Bagshots are known to afford. The well-sinkers say that " people

don't like 'blue-clay' water; it has got a skin like grease." This

may of course, in some cases, refer to water at the top of the London
Clay ; but I am inclined to think that in the Oatlands district it

mostly refers to the water of the " Blue Bagshots." A well-sinker,

of the name of Gray, whom I saw lately, tells me that he sank a

well on the slope between Oatlands Park and Lower Weybridge,

and that at about 30 feet below the mouth of the well he went
through a bed of coal in the "blue stuff'." This bed of coal was

1^ inch thick, and burnt readily : he calculates the position of this

bed to be about 10 feet below the level of the river Wey. Hence
there is a probability of organic contamination in many places where

the "blue stuff'" is developed.

No. 2 corresponds most probably with the Ramsdell Clay men-
tioned by Mr. Whitakerf, who observes, "that on a close exami-

nation it was also remarked that the Ramsdell Clay bore a kind of

resemblance to the pipe-clays of common occurrence in the Bagshot

Beds, and for this reason probably it is adapted for making tiles (a

purpose for which London Clay is seldom suitable), being an impure

^ Proc. Geol. Assoc, vol. viii. p. 144, and Q. J. G. S. vol. xH. p. 494.

t ' Geology of the London Basin,' p. 312.
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or imperfect pipe-clay, intermediate in quality between the true

Bagshot pipe-clays and the more sandy beds of ordinary London
Clay." The same author mentions * that at a place called Hartley

Row only one foot of sand intervenes between the Ramsdell Clay of

the Lower Bagshots and the blue London Clay. This 1 foot of sand

possibly is the attenuated representative of No. 1 of the Walton

-

Common section. The thickness of the Ramsdell Clay at Hartley

Row is stated to be 8 feet, so that the total thickness of the two
basal members of the Lower Bagshots is nearly the same at both

jjlaces, only the distribution is difterent. When this No. 2 group

has been exposed for some time, it is highly probable that browns
and buffs will be the prevailing tints.

We next come to the consideration of No. 3, which represents the

basal portion of the main mass of the Lower Bagshots as developed

in this area. The lowest portions, just over the Blue Bagshots, are

generally of a darker buff than those higher up, and, on the whole,

rather larger in the grain, though smaller than Bagshots No. 1.

Colour, when wet, like common brown sugar, feebly coherent, except

where very small ochreous lumps exist. The elements of this sand

are mainly those of No. 1 already described. The constituent gra-

nules, besides being smaller, are more equal and less clean. They
average about -O'lG millim. in diameter. Little flakes of white mica
are rather more obvious, and there is more argillaceous matter,

generally spread in very thin sheets throughout the bedding. The
green grains, both pale and dark, are also fairly abundant.

At the bridge, and for about 25 yards to the westward of it, this

division of the Lower Bagshots has been cut out entirely. Presently

we perceive little outliers of it cemented to the ferruginous base of

the gravels by more or less of an iron-pan (see fig. 5). Traced

towards the west, it is found increasing in thickness for a while,

until cut out entirely by the first gap which forms the boundary of

block C.

Plateau-gravel, Sfc. in Block: C.—The superficial beds of this

division are usually from 14 to 15 feet thick, showing a consider-

able increase over what obtains in the London-Clay area : they are

also more sandy. For some part of the distance the Plateau-gravel

reposes on the " Blue Bagshots ;" and there is an appearance, as

indicated in fig. 5, of a portion of this bed having been incorporated.

Towards the end of the block, as we approach the first gap, large

masses of reconstructed sand, with only a few layers of pebbles,

constitute the lower portions of what we must still call the Plateau-

gravel. These sands are mainly derived from the Bagshots, such as

we see in this district; but they contain other elements in addition.

It is not always easy to draw the line between the superficial beds

and the unshifted Bagshots.

Block D. (Pig. 1.)

In this block the Bagshot Beds are represented by No. 3 alone,

with the exception of a faint trace of the " blue beds " just at the

* Op.cit.p.SU.

Q. J. G. S. No. 166. K
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commencenieiit. They have been deeply eroded, and are cut down
to the level of the line, and even slightly below it in three places,

which may be called respectively No. 1 gap, No. 2 gap, No. 3 gap,

going from east to west. The lithology here is of the usual character,

a fine and equally grained " soft sand," faint yellow to buJ0P, and
even brownish or reddish at top, where much percolated. Slight clay

laminations occur throughout, helping to show the bedding, which
is pretty regular and current-bedded only for short distances. The
colour-banding, as distinct from the bedding, follows the curves of

the eroded surface, showing clearly that the reds are due to infiltra-

tion from above. This is, perhaps, better seen beneath the shallow

basins than in those more deeply excavated. The average thickness

of the Bagshots exposed in block D, may be taken at about 7 feet.

The Plateau-gravel of Block D.—Assuming the cutting to be about

26 feet deep here, a thickness of about 19 feet must be assigned as

the average of the superficial beds ; whilst, as we have seen, in some
places they occupy the entire depth of the cutting. No. 1 gap is

about 9 yards across. On the east side the " Blue Bagshots " are cut

sharply off, and the superficial deposits in the bottom of the cavity

conform, more or less, to the sides, which are lined with a layer of

mixed flints and pebbles holding uj) a mass of reconstructed sand

about 4 ft. thick, overlain by other masses of reconstructed sand with
pebbles, showing a different stratification.

Such masses of sand are often disposed in nearly horizontal layers,

between which much current-bedding is exhibited. At first, from

their external resemblance to the Bagshot Sands in situ, I mistook

them for these beds, fancying that tongues of gravel had been

thrust between the divisional planes, or even in some instances that

masses had been transported bodily. I think it is quite probable

that in some cases my former interpretation may be the correct one ;

but, in a majority of instances, a close examination of the sands in

the Plateau-gravel will show that they are coarser, more unequal

in grain, and devoid of the clay laminations so characteristic of the

beds on which they repose. Although the material is mainly the

same, the one has been a turbulent, the other a comparatively quiet

deposit. That section of the Plateau-gravel which lies between the

first and second gaps consists, especially in the lower, though not

quite the lowest parts, of immense masses of this kind of sand, which
are often somewhat ferruginous.

Even here the actual base of the Plateau-gravel is for the most part

occupied by beds in which the regular Tertiary flint pebble is largely

rej)resented. These gravels present a sort of rude stratification,

especially conformable to the shallower depressions of the Bagshot

surface, which, as a rule, they fill up in a series of concentric layers,

sometimes loose, more often cemented by deep brick-red iron-oxide,

with here and there a streak of black oxide of manganese above.

Under these circumstances there is do difficulty in drawing the line

between the Bagshot Sand and the Plateau-gravel : the contrast, in

fact, is exceedingly sharp. The hollow about halfway between the

first and second gaps is cut down to within three or four feet of the
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permanent way. This is filled with bedded masses of fiint and flint-

pebble gravel, of a rich chocolate colour, which produce quite an
imposing effect when contrasted with the fine and pale-coloured

sediments of the underlying Eagshots.

It is, however, between the second and third gaps that the contrast

of colour is the most marked. Here the hollows are filled with thick

courses of brick-red gravels, the stain of wdiich sometimes extends,

in varying tints of paler red, through a portion of the underlying

beds, until a line is reached where the percolation has been arrested.

Beneath such a line the Bagshot Sands look almost white by contrast.

When the section was fresh, these colours were reall)'' gorgeous, and

quite astonished the navvies. The fact is that the vicinity of the

third gap, at the western extremity of block D, marks the lowest

point of erosion of the Bagshot Beds, which continue to rise beyond

these limits. This part of the Plateau-gravel, therefore, must
represent a line of underground drainage, a circumstance which helps

to account for the accumulation of iron-pans towards the base : since

the more soluble matters, chiefly salts of iron in this case, are sure to

find their way to the bottom, and when a pan is once formed, the

coating of the pebbles above it continues to increase.

The Plateau-gravel may be truly said to attain its maximum
development at the third gap, which almost coincides in position

with the boundary between Walton Common and Oatlands Park,

the latter commencing j ust where our section terminates. Deducting

a yard for " Top Sand," there must be 24: feet of gravel here. As
usual, pebbly gravels, more or less conforming to the eroded surface

and enclosing a certain proportion of false-bedded sand, fill up the

principal hollow. Some of the masses of sand here may be fragments

of the original beds, either torn off by currents or floated up by ice
;

but, if so, the structure has in most cases been considerably modified.

At this point we may roughly divide the Plateau-gravel into three

vertical sections. The lower portion is such as I have endeavoured

partially to describe. The middle portion is more sandy, having

no doubt been largely derived from the Bagshot Beds of the adjacent

district, but also containing coarser material. It is often fairly well

bedded for short distances. The upper division is the most constant

throughout the entire area. It is usually the least bedded of the three,

has a greater proportion of large angular flints, cherts, tfcc. Sand

occurs in masses and pockets, and is sometimes rather argillaceous and

dirty, but always much coarser than the " soft sand " of the Bagshots.

If there is bedding it is often much twisted, so that the apparent

lines of stratification lie at all inclinations, and are sometimes

curved or contorted. It is not contended that these divisions are by
any means constant : but it is evident that the middle division is

largely expanded throughout block D ; and this circumstance helps

to account for the unusual thickness of the Plateau-gravel hereabouts.

The Metropolitan Convalescent Asylum (109 feet above 0. D.) is

220 yards from the end of the section on the south side of the line

;

and here a weU, said to be 30 feet deep, appears to have been sunk

entirely in the superficial beds.

v2
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COITCLTJDING EeMAEKS.

Having completed the description of the section through Walton
Common, it only remains to say a few words relative to the neigh-

bourhood. As regards the composition of the Plateau-gravel

generally throughout the' district, it would seem to conform in the

main to the description already quoted from Prof. E-upert Jones's

notice. The coarse brown quartzose sands are sometimes aggluti-

nated and earthy, and bespeak an origin very different from that of the
" soft sand " of the Bagshots of this neighbourhood, although much
of this fine-grained material may also be noted. What few green
grains there are, present a different appearance from those in the

underlying Eagshots ; cherts, derived mainly from the Lower Green-
sand, are fairly numerous ; but Sarsen stones are decidedly rare, only

three or four having come under my notice during the excavations
;

one of these might have been about 2 ft. 6 in. in length. No
quartzites of any size have been noticed, and there is likewise a

complete absence of the hard materials of the Northern Drift;

everything bespeaks a local and southern origin, as all previous

observers have already intimated. I must admit that the numerous
brown flints are very apt to be regarded as possibly cherts ; some
are exhibited, they have in many cases lost all the usual character-

istics of ordinary chalk flint, and some specimens are so polished

externally as to resemble little Sarsen stones. There is one with a
specimen of Micraster, which proves the true nature of this brown
flint. They must have undergone some peculiar action. Indurated
sandstones from the Lower Greensand are more abundant than
actual chert; but there is a piece of P/ioZa^-bored wood, .now in the

condition of chert, and some other curious forms.

Whilst on the subject of the contents of the gravel, I would
direct attention to a hollow ferruginous box, as a sample of several

similar ones, which occur as pseudo-pebbles at the base of the gravel

in some ^Dlaces, and especially near the west end of the section.

These boxes lie at the junction of the Bagshots with the gravel, and
appear to represent clay-galls, torn from the loams of No. 3 (which
occur in force further down the line), around which a deposit of

brown oxide of iron has formed. The reticulations in one of the

specimens exhibited represent, it is believed, casts of shrinkage-

cracks. Sandy loams of various colours are found inside.

TJie Top Sand.—It would scarcely be right not to append a brief

description of this all-pervading deposit, which plays such an impor-
tant part in the economy of the Walton-Oatlands plateau. Suppo-
sing any one, desirous of ascertaining the nature of the soil in Oat-
lands Park, consulted a map of the solid geology, he would of course

discover that it was situated on the Lower Bagshots. If the

inquirer further wished to ascertain the nature of the surface-

deposits, he would find them described as " Hill-gravel of doubtful

age." But this Hill- or Plateau-gravel only exercises a secondary

influence on the soil of Oatlands Park, since every plant desirous of

reaching it must needs travel through a yard of most unfruitful



WALTON COMMON EXPOSING LONDON CLAY ETC. 167

sand. This peculiarity explains why splendid forest trees, oaks,

beeches, &c. flourish on a surface which you can scarcely coax into

growing a radish. When once such trees get their roots into the

slightly clayey gravel of the plateau they are safe ; meanwhile
innumerable firs with their wide-spreading roots are luxuriating in

the Top Sand.

As regards its composition, it is esseiitially a mixed deposit,

containing a few split flints, which become more abundant lower

down, also numerous large and often rounded quartz grains, the

presence of which serves to distinguish it at once from the " soft

sand " of the Bagshots. On examining the finer portions under the

microscope, it becomes probable that these latter, directly or indirectly,

have contributed largely to its formation ; but there is a greater

preponderance of quartz together with rather more investment of

the individual grain. The " green grains " are very scarce, but

there are several granules of iron-oxide, some of which adhere to

the magnet. I^Tearer the surface, where a carbonaceous investment

discolours the granules, the sand has a blackened appearance, and
this is what passes for soil in Oatlands Park.

By way of comparison with the section through Walton Common,
I append a section in the village of Oatlands, close to the 100-feet

contour :

—

ft. in.

fl. Discoloured sand with root fibres, and occasionally

j

large flints 2
Top Sand,

J
2. Band of flints and flint pebbles in the sand 2

&c. ' 3. Foxy sands, sharp in the upper part, but rather

i

more earthy towards the base 1

{4i. Line of flint much bleached : variable in thickness. 2

3 4
r Rounded and subangular flint-gravel in deep red sand,

Plateau- J in buff-coloured paste, and at bottom in chocolate-

gravel. 1 coloured sand : bedding, where discernible, often

[_ twisted, sometimes nearly vertical 4 2

Total superficial beds 7

These rest upon the " soft sands " of the Bagshots of No. 3 type.

The well here is 35 feet deep, and probably, like many of the wells

hereabouts, does not go completely through No. 3 Bagshots, the

water being held up by a pan in the sand, which is much preferred

to going down into the " blue stuff." The water of this well is

slightly chalybeate, but very good if not allowed to stagnate. It

possesses considerable solvent action, I am inclined to think, on

iron pipes, and has a very small solid residue on evaporation. Not
long ago Mr. Gray, the principal well-sinker, whilst cleaning out

one of the wells in the neighbourhood, had the misfortune to break

the pan, when he forthwith lost all his water, and had to go many
feet deeper before he got it again.

Kailway-section near names' Bridije.—This is about h mile

further down the line than the end of Walton Common, and I went
to inspect it on the "27i\\ November, in order to make a rough com-
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parison with the section already described. The superficial beds are
still well developed, probably 14 feet, but the surface has been
messed about so much that this estimate is given with reserve. The
Lower Bagshots are still fine soft sands slightly laminated, but in
the main resembling the IN'o. 3 type. There is a considerable
difi'erence in the development of the Plateau-gravel. In the first

place the erosion of the Bagshot surface is very slight—so slight,

indeed, that I fancied at first that the gravels (j) of fig. 7) were con-
formable and part o£ the Bagshot series. But closer inspection did
not confirm that impression. XJcless I am greatly mistaken, the
basement-bed of the Plateau-gravel is a somewhat regularly bedded
gravel series, but rather variable as to thickness. Certainly there

Kg. 7. -Section about 150 yards east of Haines' Bridge.

—— "

l^ —^ ' -

7/?
'

N - -

- ^ o ^

^
- ^ -V!_ -,

t —-,. o
o „ » - ^

, ^^ '= '~^:>:^

^ {m. Chiefly sand with flints interspersed, a sandy phase of the ordinary

^ Plateau-gravel.

'^ n. A sticky white loam, partly bedded, and rather of the nature of the

^ •{ lower beds of the Middle Bagshots of St. George's Hill.

S
I

0. Coarsish brown sand, bedded, and with ferruginous layers.

^ I
p. Fliat-gravel with a large proportion of pebbles rather evenly bedded,

Ph I^ not much sand.

b. Lower Bagshots in situ.

are places where it seems quite to belong to the underlying Bagshot

Sands, whilst there are others where the interpretation would be

difi'erent. I ought to say that throughout the cutting I have never

seen such a thing as a pebble in the Lower Bagshots. This should

be mentioned, because in some places pebbles are stated to be abun-
dant, though mostly perhaps in the Upper Bagshots. I should feel

disposed to describe the section here as follows :

—

The most curious feature here is the sticky white loam (n) which
may be traced for a considerable distance on the left. Considering

the mutable character of superficial deposits, the beds j9, o, and n

maintain themselves for some distance. In fact j^ seems to be no-

thing more than an unusually regular representative of the bedded
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gravels, which are so frequently found at the base of the superficial

beds on Walton Common. It must be borne in mind that Haines'

Bridge is almost at the foot of the slope of St. George's Hill, on the

top of which there is a large outlier of Middle Bagshots, and it is the

wear of these, I imagine, which may have contributed to the forma-

tion of such a bed as n. There is nothing suggesting ice-action in

this lower group, which seems to have preceded by some time the

more confused and drift-like deposits overlying it, which were formed

since n has been cut through, if one may judge from appearances.

Hence at this point the Plateau-gravel is divisible into two series of

slightly different age.

St. George^s Hill.—It only remains to institute a comparison with

the Plateau-gravel of St. George's Hill. The pit on the summit-

level, or table-land, at present in work is situated about halfway

between the north and south ends of the hill. This may be taken

to represent an average sample of the most elevated sheet of gravel

in the Weybridge district, and is probably about 250 feet above O.D.

The longest face of the yorking is 45 yards, with a mean depth of a

little under 9 feet. There is no " Top Sand " here, such as we have

in Oatlands Park, only the upper part of the gravel becomes more

sandy, as though the sand had worked up, and the flints had worked

down rather—the wind, too, probably assisting this process, which

seems very general in sandy gravels. The gravel rests on a

slightly undulatino: surface. It is moderately sandy in places and

includes a piece of argillaceous Middle Bagshots about a foot long.

But the most striking feature in the section is a mass of brownish

sand, 11 yards long and about 2 or 3 feet thick, occurring in the

midst of the gravel in such a way as to suggest the idea that it had

been floated bodily into that position.

I think, however, that the strongest evidence of ice- or snow-

action is to be found at the loam-pit on the north flank of St.

George's Hill. It has before been stated that the two great gravel

sheets of this district are (1) on the summit plateau, and (2; at the

northern foot of St. George's Hill, the latter being, of course, what

I have called the Walton-Oatlands sheet. It has also been stated

that the slopes of St. George's Hill are clear of Plateau-gravel. But

at the loam-pit there is a subordinate plateau or shelf just at the

foot of the sharp rise which constitutes the final summit. This lies

about 185 feet above 0. D., and it contains a very interesting

superficial deposit, which may fairly be ranked with the Plateau-

o-ravel, although there is very little actual gravel in it.

Fig. 8 will serve to explain what I have called the " contorted

series," as it is seen overlying the basement-beds of the Middle

Bagshots at the place in question. The Middle Bagshots hero

consist of a buff laminated clay or clayey loam of a very tenacious

character. The superficial beds are made up of green and brown

sands and loams in a contorted arrangement mixed with tongues of

the underlying pale buff laminated clays, which have been squeezed

up in the manner represented
;
jambs of flint-gravel occur here and

there, but not of large size ; and flints generally are rather scarce.
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Hence this deposit can only be called a "gravel" by courtesy.

Specimens of the hardened beds of the Lower Greensand are of

occasional occurrence.

Altogether this is an eminently local deposit, and seems to have

been derived largely from the green sands and loams of the upper

division of the Middle Bagshots, which ought to form the last 50
feet of St. George's Hill. It is not difficult to imagine that, when
the climate was colder, the steep northern slope of St. George's Hill

was occupied by a kind of neve, or a sliding mass of indurated

snow. This, adhering to the green-sand beds, caused large masses of

them to slide downwards, iiwolving also a portion of the original

plateau ; hence the occasional jambs of flint-gravel. That this was

Pig. 8.

—

Contorted Series overlying Middle Bagshots^ St. George's

mi

pusned over the clay beds of the Middle Bagshots is perfectly clear

from the way in which these latter are squeezed up and involved in

the superficial mass. At the same time we may admit that the

contours are not quite the same now as when this deposit was
formed, and that the deposit itself is merely a remnant of a much
larger spread which may have occurred about this level.

Summary.—The section on the London and South-Western
E,ailway above described shows :

—

(1) That the " Top Sand" of Oatlands Park, in a modified form,

extends at least as far as Walton Station, and covers the entire

surface, though thicker over the Bagshot-Sand area than over the

Loudon-Clay area.

(2) That the valley-slope, west of Walton Station, consists of a

curious mixture of gravel and clay, and that this " Mixed Series
"
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has relations with a long mass of yellow sand, the exact nature of

which is somewhat donbtful.

(3) That the London Claj in situ appears very suddenly west of

this mass of sand, and extends several hundred yards further to the

westward than is shown on the Survey map (iS'o. 8). In fact, as

regards the line itself, the London Clay on this map is represented

as terminating just where it should begin, i. e. about 320 yards west

of Walton Station.

(4) That the Bagshot Beds near Sir Hichard's Bridge succeed the

London Clay unconformably, and that there is an argillaceous

member of the basement series, which may be the same as the

Ramsdell Clay of Mr. AYhitaker.

(5) That the Plateau -gravel is abnormally thick towards the west

end of the section, where the underlying Bagshots present irregular

and deeply eroded surfaces ; and that, in this region of its greatest

development, something like three varieties may be distinguished, of

which the middle one is the most sandy. The general composition

of the Plateau-gravel of Walton Common and Oatlands Park bears

out in the main the observations of previous authors.

(G) A comparison with other exposures in the neighbourhood

serves to show the great variety of deposit which at present is

classified under the head of '• Plateau-gravel."

Discussion.

Prof. Prestwich, speaking from memory of the original section,

which he had examined when the railway line was being constructed,

was inclined to argue more strongly than the author of the paper

against the idea of there being an unconformity between the London
Clay and the Lower Bagshot ; nor could he find any distinct

evidence of such unconformity in any other section in the district.

He thought all the appearances described in the paper might be

explained by a slight false-bedding, caused by the shoaling of the

sea after the deposition of the London Clay, and the shifting and
somewhat eroding currents of the shallower sea of the Lower
Bagshot. He was, indeed, inclined, from recent observations which
he had made, to regard the Lower Bagshot as the upper member
of the London Clay. Although northern-drift rocks were not found

in the Plateau-gravels of the district described by the author, yet

such rocks were found at other points lower down the Thames in

the same beds.

Prof. T. Rupert Jones agreed with the author of the paper that

the slight discordance in the dip looked like unconformity, but
admitted, with Prof. Prestwich, that the appearance might be decep-

tive. He pointed out the extreme variability of the beds.

The Rev. A. Irving agreed with the Author as to the distinctness

of the bedding in the Loudon Clay ; but he differed from him as to

the identity of the argillaceous bed at Walton-cutting with the

Ramsdell beds of the Geological Survey. He thought the Ramsdell
Clay belonged to the Middle and not to the Lower Bagshots. He
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remarked on the common occurrence of " pans " in permeable beds
near the surface. He thought the " mixed gravels " of the Author
resembled in construction those found around the edges of many of

the plateaux in the Bagshot district.

Mr. Clement Eeid thought that contortion of beds, like that

described by the Author, occurs in districts where no ice-action has

taken place, and he suggested that they might be due to the move-
ment of a soil-cap like that of the Falkland Islands.

Mr. MoNCKTON had carefully examined all the sections where
unconformity might be detected, and found himself quite unable to

arrive at any certain conclusion on the subject. He doubted

whether the variable clays described were entitled to be called

Eamsdell Clay, a name originally applied to beds in the Newbury
district.

Dr. G. J. HiNDE was able to recognize among the pebbles from

the Plateau-gravel, flints with Hexactinellid Sponges from the

Chalk, and portions of hard sponge-beds from the Neocomian strata

to the southward at Godalming and Hindhead.

Mr. J. Staekie Gaednek had seen the section in question, and
was strongly inclined to believe in an unconformity between the

London Clay and the Lower Bagshot. The former, he thought, was
marine, and the latter, in this particular section, freshwater and
fluviatile, and therefore deposited at a much later date.

The Authoe agreed that the question of unconformability was a

very difficult one to decide. He simply argued for unconformability

on a small scale in this particular section. He thought that the fact

of the Wimbledon gravels containing northern rocks was a proof of

the diiference of their age from the Oatlands gravel. He insisted

on the difi'erence between the London Clay and the argillaceous beds

of the Bagshots. He did not insist on the identification of the clay

at Walton with the Ramsdell Clay. He was inclined to agree with

Mr. Clement Eeid that the contorting of the beds, in the particular

instance mentioned, was due either to a soil-cap or to moving
masses of snow, though there were difiiculties in accepting this

interpretation.
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12. On the Fossil Mammalia ofMaeagha, in Noeth-westeen Peesia .

By E. Lydekkee, Esq., B.A., F.G.S., &c. (Read January 27,

1886.)

The fossil Mammalia of Maragha, a village situated some distance

due south of Tabriz, in north-western Persia, have formed the subject

of several notices by German writers, foremost among whom are

Messrs. Grewingk *, Pohlig f, and Rodler J. As Dr. Pohlig, who has

communicated a paper to the Society which will be read this

evening, is, I believe, about to write a monograph on the Maragha
Mammalia, I do not in any way wish to interfere with or unduly

forestall his work ; but since a collection of these remains has been
sent to the British Museum by Mr. R. Damon, F.G.S., with a view

to their being purchased by that institution, in which case it would
fall to my lot to describe them in the Museum Catalogue, and since

the specific determination of the Maragha Mammalia is a matter

of considerable importance in relation to the western limits of the

Siwalik fauna of India (the description of which I am just bringing

to a conclusion), I have ventured to lay a few notes on the Maragha
Mammals before the Society, and hope that my German confreres

will regard them as an endeavour to assist, rather than to mar
their work.

Dr. Grewingk, in the paper cited, recorded the following forms,

viz. :

—

Eelladotherium^ sp., Trcifjoceros, sp., Bison honasus, Cervus

elaplius, Equus cahallus, E. onager, Hipparion, sp., Bliinoceros

antiquitatis §, H. sp., Elephas primigenius, and Mastodon (?), sp.

It was left an open question whether the existing and Pleistocene

forms were contemporaries of the others ; but it was concluded that

the older forms indicated the representatives of the Lower Pliocene

Pikermi beds. Dr. Pohlig mentioned Tragoceros and other large

antelopes, Cervus and allied forms, Hipparion and perhaps another

small equine, Rhinoceros or Aceratheriiim, Elephas or Mastodon,

and an Hycena which was thought to be probably identical with the

Pikermi //. eximia. Dr. Rodler, in addition to the forms already

mentioned, recorded the Pikermi Gazella deperdita \\, and Palceoreas

Linderrnayeri, as well as species of Antidorcas and Sus. He
identified the Hipparion with //. gracile, and considered that an
Equus and probably a species of Elephas occurred in the same beds.

The typical Maragha fauna was regarded as of Pliocene age ; but
the existence of an associated Pleistocene fauna was considered as

not improbable. To the above-mentioned Pikermi forms the

specimens sent to the British Museum apparently add Qiraffa attica %
and Palceoryx Pallasi ; and they also indicate that the Sus is

apparently S, erymanthius, the Mastodon is M. pentelici, and the

* Verb. k.-k. geol. Eeichsanst. 1881, p. 296.
> Ibid. 1884, pp. 281-284.

X Ibid. 1885, no. 14, p. 333.
||

Syn. G. brevicornis.

§ Syn. B. tichorhinus. •[ Syn. Camelopardalis attica.
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HelJadotherium, H. Duvernoyi (which is probably common to the
Pikermi beds and the Siwaliks *), while they confirm the suggested
identity of the Hyaena with H. eximia. They point moreover to

the presence of Felis 'breviro§,tris of the Upper Pliocene of the

Auvergne ; to a species of Rhinoceros (which may or may not be
identical with the one identified by Dr. Grewingk with R. anti-

quitatis) apparently intermediate between R. antiquitatis and the
Siwalik R. jplatyrhinus, which is not improbably an ancestral form
of the former ; and also to R. Blanfordi f, which was first recorded

by myself J from the north-western frontier of India §, and has
been subsequently described by Dr. Ernst Koken || from the

(probably) Pliocene of southern China, where it occurs in association

"with. Mastodon^ Tapiyms, Hipparion, Chcdicotherium, Giraffa, Hycena^
<fec. This last species appears, therefore, to have ranged from
north-western Persia through Baluchistan, the Punjab, and thence,

probably via Tibet ^, to China.

Prom strata of unknown age at Erzerum, in Armenia, Dr. Palconer
many years ago described some elephant molars under the name of

Elephas armeniacus ; and as Erzerum is comparatively near to Tabriz,

it may be suggested that some of the Maragha elephants' teeth may
not improbably belong to this species ; but be this as it may, the

Erzerum and Maragha faunas may be geographically grouped
together. There is in the British Museum an elephant's molar from
China (No. 29007), which has been suggested to belong to this

species ; and if this were correct it would seem that the range of

E. armeniacus was somewhat the same as that of Rhinoceros Blan-
fordi, i. e. that it extended from western Asia through the regions

lying to the north of India to China ; I am, however, disposed to refer

the specimen to E. namadicus. The structure of the molars of

E. armeniacus is such that this species might well have been an
ancestral form allied to both E. primigeniiis and E. indicus ; and its

geographical distribution is such as to harmonize with this view.

Putting aside on the present occasion the Pleistocene and existing

species recorded by Dr. Grewingk from Maragha, the majority of

the other members of the Maragha fauna agree so closely with the

fauna of the Pikermi beds that there can be no hesitation in adopting

the views of the German palseontologists as to the one fauna being

the representative of the other. The occurrence, however, of Felis

hrevirostris in the Maragha beds, coupled with the suggestion that

Elephas armeniacus may also be found there, together with the now
well-ascertained fact that the older mammalian types survived in

Asia long after they had disappeared from Europe, renders it not

* See ' Cat. Foss. Mamm. Brit. Mus.' pt. ii. p. 71 (1885).

t Syn. Aceratherium Blanfordi ; I propose for the future to include Acera-

therium in Rhinoceros.

I Palffiontologia Indica, ser, 10, vol. iii. p. 2 (1884).

§ Dera Biigti in Baluchistan, and the Biigti Hills to the north of Jacobabod
in Sind.

II

Pal. Abhandl. vol. iii. pt. 2, p. 18 (1885).

^ This may be the Rhinoceros recorded by Falconer and Cautley from
Hundes in Western Tibet.
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improbable that the age of the Maragha beds may be somewhat
later than the Lower Pliocene. This suggestion is perhaps con-

firmed by the occurrence at llaragha of Rhinoceros Blanfordi, which,

in Baluchistan and Northern Sind is met with in the Lower Siwaliks,

accompanied by a variety of Mastodon aagustidens (characteristic of

the Middle Miocene of Europe), Ilyopotamus, and AntJiracotherium,

the age of the Lower Siwaliks being certainly not later than the

Upper Miocene, and not improbably being Lower Pliocene. As the

accompanying older forms are apparently not found at Maragb.a or

in the Pliocene of northern China, where 11. Blanfordi is again met
with, it is most probable that the Maragha beds are of later age

than the Lower Siwaliks.

One of the most interesting and important points connected with
the Maragha deposits is the proof aiforded that the Pikermi fauna,

which has been traced as far northwards as Hungary, extended

to the north-western extremity of Persia, where it came in contact

with one member of the extreme western branch of the Siwalik

fauna of India, which branch differs widely from the more eastern

portion of that fauna, and exhibits a much more strongly marked
Palaearctic/rtCiVs. The same member (Rhinoceros Blanfordi) connects

the Erzerum-Maragha fauna with that of northern China, which' is

known to be in great part Oriental (Siwalik), and will not improbably
prove to be in part Palaearctic. The apparent occurrence of the

Pikermi species of Helladotherium at Maragha is important as con-
firming the provisional identification of the Siwalik species of that

genus with the former. Another feature calling for especial notice

is (with the foregoing exception) the apparent absence of eastern

Siwalik forms from the Maragha fauna ; and although subsequent
finds may, and very probably will, bring to light some common forms *,

yet this absence appears to be so marked that it seems to suggest

that even in Pliocene times there was a decided division, so far as

species are concerned, between the faunas of the Palaearctic and
Oriental regions, where the two came in contact on the north-western

frontier of India. If this view be borne out by future observations,

it would further suggest that some of those genera at present charac-

teristic of the Ethiopian region which are found in the Siwaliks and
are at present unknown elsewhere {e.g. Cgnocephalus f, Alcelaphus J,

and apparently Strepsiceros^, Hippotragus ||, and Cohus%) did not
make their way into Africa via northern Persia and Syria, but may
have passed through southern Baluchistan and Persia, and thence

across the gulfs of Oman and Aden, on a line connecting the present

Oriental and Ethiopian regions. Other modern Ethiopian genera,

however, like Giraffa and Hippopotamus, are known to have ranged
over the northern Oriental and the southern Palaearctic regions in

* The apparent affinity of Mastodon pentelici to the western Siwalik
M. pandionis is very noteworthy ; but adult molars of the former are required
before their full affinity can be determined.

t See • Cat. Foss. Mamm. Brit. Mus.' pt. i, p. 4 (1885).

i
Pnd. pt. ii. pp. 55, 5G (1885).

§ Und. p. 47.
II

Ibid. p. 49. t ^w^- PP- 53, 64.
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Pliocene and Pleistocene times, while the distribution of StrutMo

may be traced almost continuously from the Siwaliks, through Balu-

chistan and Persia, to Syria and Africa *. The suggested relation

of the Erzerum-Maragha fauna (through the unnamed .Rhinoceros)

with the Pleistocene fauna of the northern Palsearctic region, and

(through Elephas armeniacus) with the existing Oriental fauna, have

been already discussed ; and the writer concludes this notice of the

Erzerum-Maragha fauna with the expression of the hope that the

labours of the German palaeontologists will reveal more fully the

relations between the Pliocene fauna of the Palsearctic and Oriental

regions which the Maragha deposits give promise of illustrating.

For the discussion on this paper see p. 181.

* See ' Pala?ontologia Indica,' ser. 10, vol. iii. p. xxiv. (1886).



DK. H. POHLIG OX THE TLIOCENE OP MARAGHA ETC. 177

13. On the Pliocene o/Maragha, Persia, ancZ zfe Resemblance ^o

that of PiKEEMi in Greece ; on Fossil Elephant Remains of

Caucasia and Persia ; and on the Results of a Monograph of

the Fossil Elephants of Germany and Italy. By Dr. H.

PoHLiG. (Communicated by Dr. G. J. Hinde, F.G.S.) (Read

January 27, 1886.)

I.

In 1884 I had the opportunity of making a geological tour in

Persia, especially in the northern provinces, one of my principal

objects being to excavate a deposit of Pliocene mammals discovered

about 30 years ago by the Russian travellers Gobel and Khanikoff

near Alaragha, to the east of the lake of Urumia. Abich, Brandt, and
Grewingk * have already published short notes upon the subject,

but the locality where these fossil bones were found has not been

exactly specified.

Arrived at Maragha I found several deposits of fossil bones, and
excavated them as long as the season permitted. The results

obtained I first announced in two letters sent from Maragha to

Prof, von Lasaulx f and to Dr. Tictze J, including a preliminary

list of the Pliocene mammals of Maragha which had been obtained

up to that time, and so far as I could determine them on the spot

without means of comparison. The collections made by me in

Persia are now mostly deposited in the Museum of Prof, von Fritsch

at HaUe.
In the course of last year a young German residing in Persia

successfully continued my excavations at Maragha, and it was a

portion of the bones collected by him that M. Gaudry saw in the

Museum at Vienna (see Geol. Mag. December 1885, p. 558).

As I am now engaged in preparing a monograph on the fossil

mammals of Maragha, I wish in this paper to give a sketch of the

deposits containing these remains and also a supplement to the list

already pubhshed.

The Maragha valley owes its origin to a wide fissure of dislocation

traversing in an equatorial direction the chain of Cretaceous (and

Jurassic ?) mountains bordering the great lake of Urumia on the

east. Through that fissure the waters coming from the north-east,

from the volcanic mountains of Sahend covered with snow, in

Pliocene times already flowed into the Urumia lake, which was
much higher then than now. At this time the valley of which
Maragha is the centre was an inlet of the lake, traversed by the

rapid streams flowing from the Sahend. Hence the Pliocene

deposits of Maragha are of fluvio-lacustrine origin, like those of

Pikermi, near Athens, with which I was able to compare them
directly on my return journey from Persia, and like those of the

Val d'Arno, near Florence, which I had previously visited.

* Verhandl. k.k. geol. Reichsanst. 1881, p. 296.

t Verhandl. Naturh. Ver. d. preuss. Rheinl. 1884, Sitzungsb, p. 174.

j Verhandl. k.k. geol. Reichsanst. 1884, p. 282.
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The constitution of the Maragha Pliocene is very similar to that

of the Pikermi beds, consisting- of pale reddish marls, which are

very hard below, but loose at the surface, with singular forms of

erosion ; they are the detritus of the volcanic ashes and tuffs of the

Sahend, and accumulations of pumice stones are frequently found in

them, usually associated with the bone-beds. The marls also

contain numerous more or less considerable strata of pebbles, the

debris of the Sahend rocks, and these are sometimes of respectable

dimensions, up to more than 1 metre in diameter. Nearest to

the Sahend the pebble-beds prevail, and the boulders are still

larger, the whole being closely connected with the vast chaos formed
by the erratic blocks of the earliest Pleistocene deposits. The
intimate relation between the Pliocene and Pleistocene in Persia

corresponds well with the correlations of the two groups in Europe,
as on the Norfolk coast and in many other localities. The general

form of the Pliocene hills of Maragha produced by Pleistocene

erosion is that of table-mountains, seldom conical. Several small

reefs of Cretaceous rocks penetrate the equally horizontal beds of

the reddish marls, forming elevated banks. The Pliocene hills

environing the town rise to more than 100 metres above the level

of the torrent Safi-chahi, which passes close to Maragha.

The fossil bones have been found in the reddish marls at more
than six places, at greater or less distances from the city (up to

30 miles), and at diflPerent horizons, which, however, do not differ

from each other by any characteristics of the mammalian fauna.

The list of the Maragha Pliocene mammals formerly given by me
may now be completed as foUows :—

1. Hipparion gracile. Several complete skulls, with the

mandibles, and nearly all the bones of the skeleton. This is the

commonest form in the Maragha Pliocene.

2. Onager ? sp. A smaller species of Equidae.

3. Bhinoceros persice, Pohlig. Species with incisors, but other-

wise closely allied to B. tichorhinus ; this is also very common at

Maragha *, no fewer than four adult skulls, another with the milk-

dentition &c., having been found.

[3 a. Bli. Blanfordi, Lyd., according to Lydekker.]

4. Mastodon, sp. Less common. A tusk of this genus had a

maximum length of 2-35 metres.

5. 8us, sp.

6. Ga'zella hrevicornis.

7. Palceoreas, sp.

8. Tragoceros, sp. Allied to the Pikermi species. Very common
in the Pliocene of Maragha.

9. Antilope, sp. major {Antidorcas ?).

10. Buhalus ? sp.

11. Cervus'l sp.

* The occurrence of remains of large herbivorous animals in the Maragba
Pliocene proves the occurrence of an abundant vegetation at that period on the

Persian highlands, now so barren "where not artificially irrigated.
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12. Helladotherium, sp. Probably the same as at Pikermi.

[13. Giraifa attica ] ,. ^ x j i i -i

^^ A CT7- 7 • , • h according to Lydckker.
[14. Felis brevirostris

J
o j j

15. Hyaena, cf. escimia.

16. Canis? sp.*

The list will doubtless be increased by material recently received.

As regards the remains of Pleistocene and cave-mammals (such

as Rhinoceros ticJiorJimus, Hycena spelcea, &c.) cited by Brandt and

Grewingk as coming from Maragha according to the reports of

Gobel and Khauikoff, no traces of them have been found either by
myself or my successor. It is true that there are several caverns

or grottos in the environs of the city, but they are labyrinths or

chambers made artificially in the compact mnrls or in the volcanic

tuffs of the Pliocene ; it seems to me therefore that a Pleistocene

fauna does not really occur in the Maragha valley, and that its

supposed presence must be founded upon some confusion in the

statements of Russian travellers.

II.

In the same journey I visited the Caucasian Museum at Tiflis

and found in it several fossil remains of Elephants from both sides

of the chain of the Caucasus. Por the most part they are remains

of the true Mammoth {Elephas primigenius, Blum.), so that it is

evident that that cosmopolitan monster passed over the high Caucasus

as well as, in Europe, the Alps and Pyrenees ; this is interesting also

with regard to the so-called E. armeniacus of Ealconer, found at

Erzeroum.

The Tiflis museum contains a last true molar of E. primigenius

from the Sundsha river, north of the Caucasus ; it is the broadest

proboscidian molar hitherto found, having an extreme breadth of

0*13 to 0-14 metre. From Daghestan, in Transcaucasia, there is,

among others, an os innominatum of E. primigenius, having a very

typical foramen ovale of 0-195 X 0*1 metre ; and a large calcaneum,

of 0*27 X 0*19 metre was found at Alexandropol, at an altitude of

5000 feet. There are also some very heavy bones and fragments of

molars from the Kuban river, north of the Caucasus ; the molars

have the characters of those of E. meridionalis, Nesti, containing

three ridges in 0-05 metre of the length of the crown.

In the preceding section I have already recorded the fossil

remains of Proboscidia found in the Maragha Pliocene. At Teheran
I heard that Dr. Tholozan, physician to the Shah, possessed fossil

Elephant remains found in Persia ; unfortunately he was absent at

the time, but he has since written to me that he has a fossil

elephant's tooth {E. primigenius) from Radechane in Khorassan.

* The state of preservation of these bones is very similar to that of those

from Pikermi ; they are generally white, sometimes reddened by the marls
containing them, and rendered very heavy by the presence in them of a
considerable amount of vivianite.

a. J. G. S. No. 166.
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III.

The collections of Pleistocene mammals in German and Italian

museums being very rich and generally but little known, I resolved

to examine them with the view of preparing a general memoir.
For this purpose I worked in the museums of Munich, Jena, Halle,

Dresden, Leipzig, Stuttgart, Karlsruhe, Mannheim, Darmstadt,
Prankfort, Wiesbaden, Bonn, and Miinster, in Germany ; in those

of Verona, Padua, Bologna, Florence, Rome, Pisa, Genoa, Milan,

and Turin, in Italy ; and I also studied in the museums of Lyons,

Brussels, and Tiflis, and in several private collections, i'or the

same purpose I visited the museums of London, Paris, Leyden,
Berlin, Prague, Brunn, Vienna, and Odessa; and in the coming spring

I intend visiting the collections in Spain and Portugal.

I have commenced with a monograph of the German and Italian

fossil Elephants, the first part of which, embracing the dentition and
craniology, is now completed, and the principal results of that work
are as follows :

—

1. ElepJias antiquus, Falc, was the largest of all terrestrial

mammals hitherto known. One of the most remarkable peculiarities

of that species is the extreme divergence of its incisor alveoli

,

amounting to about 1 metre. In craniology, as in dentition, E.

antiquus has several relations with E. africanus.

2. The pigmy insular fossil races of the Mediterranean (Malta &c.)

cannot be considered specifically distinct from E. antiquus ; we must
rather regard them as several gradations of a diminutive race of that

species produced by degeneration, and designate them E. (antiquus)

melitce^ Falc.

3. ElepJias meridionalis, Kesti, emend. Pohl., did not quite attain

the dimensions of E. antiquus^ ^ and difi'ers widely from the latter

in dentition and craniology. The opinions published by Nesti and
Falconer on this species, as also their figures, are incorrect in several

points, and will be amended in my monograph. The skuU of E.

meridionalis presents several resemblances to that of E. indicus, and
especially to that of E. primigenius.

4. The fossil remains from the Siwalik hiUs figured by Falconer

and Cautley under the name of " E. liysudricus " can no longer be

regarded as distinct from E. meridionalis, in accordance with the

emendations of the latter species made in my monogra])h.

5. The knowledge of ElepJias primigenius, Blum., has also been

considerably augmented by the description and representation of a

vast series not hitherto published. In dimensions the Mammoth was

^ In the discussion on the present paper (see page 181) Messrs. Boyd
Dawkins and Lydekker seem to have been uncertain as to the sense in which I

understand the names E. antiquus and E. meridionalis ; I understand them in

the usual manner, as that of Nesti, Falconer, and L. Adams, but excepting

about one tenth of the specimens of these authors, and, as regards E. antiquus,

adding the enormous continental series hitherto unknown. The above state-

ments are not mere tJieses, but facts, proved in my monograph by numerous
admeasurements and numbers, attained by a study of nearly seven years, but

which it is impossible to repeat here.
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inferior to E. meridionalis, and still more to E. aatiquus. The
pigmy forms existing of E. primigenius^ as well as of E. antiquus,

have partially or entirely lost the characters of a distinct local race,

having anew communicated with the primitive form over a wide

territory. The Mammoth is most nearly allied to the existing

Indian species, but nevertheless it is quite distinct specifically from

the latter.

6. Under the name of Elephas trogoutherii^ Pohlig, I have

described European molars which hold a middle place, both zoolo-

gically and geologically, between those of E. 'primigenius and
E. meridionalis, most closely approaching those of E. antiquus in

the ridge-formula, but differing more from them than from the

other two in the form of the crown. The position of E, trogontlierii

with regard to E. armeniacus, Falc, and E. namadicus, Falc, still

remains to be investigated. In craniology and dentition E. meridio-

nalis and E. 'primigenius are directly allied by E. trogontlierii.

7. The supposition of a " praeantepenultimus " in the milk-

molar series inferred by Falconer and Leith Adams, has no foun-

dation.

8. I distribute the Elephants, in accordance with the forms of

the tooth-crowns and the ridge- formulae, into :

—

Archidiscodonts (E. planifrons, meridionalis) ; Loxodonts {E.

africanus, ? antiquus) ; and Polydiscodonts
;

(E. jprimigeniuSy

indicus, &c.) ; arranging the Stegodonts, like Clift, with Mastodon.

Discussion.

Prof. W. Boyd Dawkins referred to the difficulty of discussing

species from names only without seeing the specimens. With regard

to Mr. Lydekker's paper he said that the Maragha mammalia be-

longed to the same fauna as those of Pikermi, and that it was
interesting to find them occurring so far to the east. He felt

doubtful, however, whether they belonged to the Pliocene, which is

always defined by the appearance of a few living species of the

higher mammalia among the extinct species. There are no living

mammals in Prof. Pohlig's list. He stated that he is at present en-

gaged in the examination of a large collection formed by Mr. Calvert

in the Troad, and this he found to contain Giraffes, Mastodons, and

Hipparions identical with Pikermi forms. This discovery connected

the find in Attica with that near the Caspian. The speaker agreed

with Prof. Gaudry in regarding this deposit as Upper Miocene

rather than Lower Pliocene. The occurrence at Maragha of Rhino-
ceroses with low crowns, like B. ScJdeiermacheri, which are Miocene

in France and Spain, seemed to be conclusive upon this point, as

that form is Lower Miocene. The absence of the genus EUjphas

was also of importance. Mr. Lydekker had mentioned the Hyopo-
tamus. This animal is found only in the Lower Miocene deposits

of Europe and America, and it has not as yet been found in asso-

ciation with any animals belonging to the same fauna as that of

Pikermi.

o2
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Prof. Boyd Dawkins further remarked that in his paper Prof.

Pohlig had pointed out distinctions between different species of

Elephants. The speaker thought that the Pigmy Elephants of

Malta, Corinth, &c. cannot be considered forms of E. antiquus,

Nor could he agree with Prof. Pohlig's statement as to E. meri-

dionalis. Especially he was not prepared to admit that E.

antiquus was the largest of the Elephants, and he thought that

any one who had seen the specimen of E. meridionalis from the

south of Prance which had been set up by Prof. Gaudry in the

Museum of the Jardin des Plantes, would agree with him. A.t the

same time he admitted that further information was necessary before

criticizing Prof. Pohlig's remarks.

Mr. Ltdekkee observed that he was glad to find that his own views
as to the Maragha species accorded in the main with those of Dr.

Pohlig, although he thought it probable that the form named
Rhinoceros persice was really R. Blcmfordi. With regard to the

Elephants, it appeared to him almost as though Dr. Pohlig had re-

versed the application of the names E. meridionalis and E. antiquus.

In connection with the proposed identification of the Euelephine

E. hysudicus with one of the European species {E. meridionalis^

Pohlig), he should observe that Leith Adams had proposed to

identify E. antiquus with E. namadicus, and that the affinity of

E. hysudicus appeared decidedly nearer to the latter than to the

Yal d'Arno Elephant. Neither was he prepared to accept the pro-

posed identification of E. melitensis with one of the larger European
species. The reversion to Cliffs association of the stegodonts with
Mastodon appeared to be a retrograde proposal. In reply to Prof.

Boyd Dawkins, he pointed out that the age of the Pikermi beds has

been determined by Pliocene molluscs being found in the lowest

of them. He therefore classed both Pikermi and Maragha as

Pliocene. The case of Hyopotamus was as follows :—It occurs

in Beluchistan with Rhinoceros Blanfordi, in beds overlying others,

the age of which has been shown by Prof. Duncan, from the ex-

amination of the Echinodermata and corals, to be Upper Miocene.
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14. On the Alteration of Coarsely Sphertjlitic Rocks. By

Grenville a. J. Cole, Esq., P.G.S. (Read March 10, 1886.)

[Plate EX.]

As has been previously stated*, all the phenomena that accompany
spherulitic structure on an ordinary scale appear reproduced among
lavas that may be called coarsely spherulitic. Ill-defined segrega-

tions, differing little from the matrix, the fluidal and banded struc-

tures of the rock running indifferently through both, are found

measuring an inch or two in diameter, equally with forms of marked
radial or concentric character. The scale on which certain processes

of decomposition and reconstruction, especially those that affect

differently the spherulite and the matrix, are revealed in these bold

examples, and the interest attaching to their effect upon the ulti-

mate character of the mass, have led me to bring together a few

observations on the alteration of coarsely spherulitic rocks. Some
of the finest instances, moreover, may be found in our own British

lava-flows of Pala30zoic age, and with these the field-worker is not

unfrequently called upon to deal.

The well-known black pitchstone of Planitz, near Zwickau in

Saxony, which is of Permian age, contains angular aggregates of

calcite and chalcedony enclosed in large brown nodides. These

remarkable occurrences were referred to by Cotta as early as 1849t,
and his figure was copied by Delesse in a comprehensive j)aper on
" Les Roches globuleuses "

J. Cotta considered the nodules sur-

rounding the chalcedony as inclusions of an adjoining porphyry, like

those in the pitchstone of Spechthausen ; but the microscope proves

them to be in reality large "brown spheruHtes, often 3 centims. in

diameter, and differing only slightly from the glass. Why the

agents of alteration should have attacked them in so marked a

degree is indeed a puzzling matter, which will be best solved by a

study of the " Lithophysen " of more recent lavas ; but there can be

little doubt that these spherules were once solid to the core. Since

they have no internal radial or concentric structure, the decompo-
sition has hollowed them out irregularly, or has started along and
spread from any cracks that might occur. The relation of the shape

of the cavity so formed to these preexisting cracks may often be

seen at the angular ends of its branches. The hollow has ultimately

been filled with chalcedony or with calcite, which may also be found

in cracks throughout the rock. There is no sign of a central mineral

nucleus from which this material might have been derived, since the

lines of flow throughout the nodule do not bend round as when an
obstacle is present, but may be connected up with one another

straight across the branchings of the secondary mass. The same
evidence strongly opposes the supposition of the former existence of

* Q. J. G. S. vol. xli. pp. 165, 166.

t Leitfaden und Vademecum der Geognosie, p. 76.

X M^moires de la Soc. geol. de France, 2ine serie, tome iv. p. 315.
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a central vesicle, produced by the expansion of gases while the lava

was still cooling down (PL IX. fig. 1).

An experiment as to the degree of solubility in acid of the spheru-

lite and the matrix respectively yielded only an unsatisfactory

result. Equal quantities of the powdered substances gave, after

eight days' immersion, with two boilings, in strong hydrochloric

acid, the following percentages of material dissolved :

—

Gf-lassy matrix. Spherulite.

7-57 8-80

Although the portions of the spherulite were chosen with great

care, some of the above difference might be due to minute included

veins of calcite. On the other hand it is possible that even such a

slight variation in behaviour as that indicated above might be
greatly intensified by the temperature, and perhaps pressure, at

which the natural solvents worked.

Angular secondary aggregates, apparently very similar to those of

Zwickau, occur in other Saxon porphyries and pitchstones, and are

recorded, as one might expect, from the most highly altered zones*.

These igneous sheets are associated with Rothliegende sandstones

and conglomerates, which are sometimes cemented by silica, some-
times by carbonate of lime, and which contain occasional calcareous

layers ; when, therefore, the felsitic spherules had once been hol-

lowed out (a process begun, in all likelihood, while the volcanic

centre was still active), the calcite and chalcedony may easily have
infiltered from the surrounding sedimentary rocks.

The process of secondary devitrificationf tends often to lessen

still further the difference between the spherulites and the matrix
;

so that we may at any time be confronted by an altered lava con-

taining angular shreds of quartz, chalcedony, &c., which, had we
none of the intervening stages, might even be regarded as fragments

picked up during flow.

The red rocks of the Wrockwardine (Wrekin) area have preserved

their original structures well ; but among them is a coarsely sphe-

rulitic layer in which the formation of secondary quartz-masses has

in places gone to an extreme. As in the historic Zwickau pitch-

stone and many later examples, the banding often traverses the

larger spherules and carries trains of small ones through them. The
largest spherulites are sometimes aggregates of those of medium
size, and become, indeed, in this way elongate, knotty, or irregular.

The development of quartz in their interior has been previously de-

scribed t ; but I confess that on recently revisiting the area, I was
unprepared for the scale on which this alteration has taken place.

One spheroidal mass, for example, measures 11 centim. (4| inches)

in diameter, and yet the residual red material is often not more

* Lehmann and Siegert. Erlauterungen zur geol. Karte des Konigr. Sachseii,

Section Hohenstein, pp. 44, 45, & 53.

t See Bonney, Proc. Geol. Soc. 1885, p. 87.

I Q. J. Gr. S. vol. xli. p. 167. Cf. Monteiro, " Description mineralogique du
Pyromeride globaire de Corse." Journal des Mines, tome xxxv. (1814), p. 351.
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than 1 centim., and in places a bare 3 millim. in thickness. The
hollow shell thus formed by decomposition is now entirely filled

with quartz ; and it is, indeed, questionable whether this relatively

large cavity ever existed as a whole, it being perhaps the result of

successive excavation and infiltration.

Seen in section, the rock is often traversed by rudely parallel

cracks, some of which are posterior even to the infilling of the

hollows of the altered spherulites. These cracks, filled with chal-

cedony, are remarkably wide wherever they traverse spherulitic

matter, but become mere Hues, for the most part, while passing

through the matrix. Nor is this due to their being disguised by the

secondary devitrification of the glass *, since the perlitic curves

across which they occasionally run exhibit no such break as a wider

fissure would have caused (PI. IX. fig. 2). If, as is highly probable,

the variation in width of these cracks has been determined by decom-

position along their walls, their sudden expansion when they enter

even the smaller spherulites is somewhat striking evidence of the

greater stability of the matrix, and would lead us rightly to infer

that the agents which excavate cavities in such rocks would produce

a marked effect on the spherulites alone f.

The rocks of Saxony and the Wrekin area prepare us, then, for

finding a mass composed of great nodules of quartz, each enclosed in

a felsitic envelope, the products of alteration being thus out of all

proportion to such primary stiuctures as remain. As we have on a

>imall scale spherulitic rocks in which the segregations outcrowd the

matrix, so we have in the Silurian rhyolite of Digoed J, near Pen-

machno, a mass some 15 feet thick, consisting almost entirely of white

close-set nodules. These reach 7 or 8 centim. (3 inches) in dia-

meter, and are almost all filled with quartz, the outermost layer of

the spherulite being often alone preserved. A chloritic mineral is

generally associated with the quartz (PI. IX. fig. 3). Here and there

the spherules suddenly diminish in size until their exceptional cha-

racter is lost, while the matrix for a short interval assumes its normal

predominance. Prof. Bonney §, to whose detailed investigation and

description of Xorth-Welsh nodular felsites students of this area must

always turn, has referred to this rock in connexion with similar

* The product of this devitrification seems very largely to be lelspar, twinning

even being exliibited by many of the granules. Cf. Eonney, Proc. Geol. Soc.

1885, p. 94.

t It may be worth while to state the exact position of the quarrj- where the

best specimens of the Lea Kock lavas seem always to have been obtained, since

there are few excations in the area. The road from Wellington joins the main
Shrewsbury road at a point called " Hay Gate" on the 1-inch Ordnance Map.

1^ mile west of this is a t()ll-house,»mai-ked T. P., on the left. A large new
red mansion lies a little further on upon the right, and beyond its lodge ie a

small cross road. The left liand or southern portion leads at once into the

quarry. The name Lea Rock does not now seem to be recognized in the district.

I
The farm of Digoed is f)und on the 1-incli Ordnance Map by following the

biffh road south-south-east from Ijettws-y-Coed till a branch goes off to Pen-

machno above the Conwy Falls. Digoed is set high on the cast side of this

branch, about 1 mile towards Penmachno, and the nodular rock rises in one or

two bosses near the house.

§ Q. J. G. S. vol. xxxviii. p. 289.
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examples from the neighbourhood of Bettws-y-Coed. It is interesting

also to find that, before 1852, Delesse * examined at Jermyn Street

certain nodular specimens from Llanberis and Digoed f, and classed

them accuratel}^ with the '' globular porphyries " and pyromerides

of many foreign localities. The beautiful plates, drawn from
polished surfaces of large and altered spherulites, that accompany
his descriptions are monuments of faithful and minute work done

when section-grinding was unknown.
In spite of their great size, the material of which the spherules

of Digoed are constructed appears to have been very finely granular,

and perhaps almost glassy. The relics of an often minutely curving

flow-structure J, and the occurrence of small crystals of felspar

scattered here and there, recall the features of the large spherulites

of Zwickau. But alteration has sometimes revealed an original

concentric structure, the secondary quartz occupying only the

alternate zones. In one of these cases there is beautiful evidence of

the pressure and strain § to which this rock has been subjected even

since the deposition of the secondary material. A series of parallel

bands of liquid-enclosures, containing moving bubbles, has been

developed in a curved zone of granular quartz ; these bands pass

continuously from grain to grain, and are reproduced on opposite

sides of the dull grey centre of the nodule, being thus clearly due to

one common cause, which has left no mark upon the felsitic zones

(PL IX. figs. 4 & 5).

Ample signs of attempts to crush and cleave the rock are seen,

however, in the compression of the spherulites and sometimes in the

irregularly fissile character of the matrix, where it can be said to be

truly present. A cleavage has been also set up here and there in a

black alteration-product which occurs within the spherules, and

which, from its striking contrast to the hard, white, highly silicated

rock, has seemed to me to merit peculiar notice.

Prof. Bonney, in the paper referred to ||, has mentioned a dull

flinty-looking, but soft substance as occurring among the secondary

minerals in felsites near Bettws-y-Coed and on the Conway Moun-
tain. In the rock of the latter locality the dark patches formed by
it are unusually abundant, and their relation to the zones of alteration

in the nodules is often beautifully seen. One flattened spherulite,

measuring 18 millimetres in its longest diameter, consists of at least

thirty concentric coats, half of them being converted into the black

material. The wavy structure seen in the latter, under the micro-

scope, seems, from its general persistence of direction in the diff'erent

zones, to be due to an attempt at cleavage which has been resisted

by the less yielding portions of the rock (PI. IX. fig. 6).

At Digoed this dark substance occurs on a coarser scale, so as to

* "Eecherches sur les Roches globuleuses." Memoires de la Soc, geol. de
France, 2me serie, tome iv. (1852), pp. 315 and 327.

t These specimens may be seen in the rock-room of the Greological Survey
Museum, numbered 382, &c., in the 3rd edition of the Catalogue.

+ Cf. Bonney, Q. J. G. S. vol. xxxviii. p. 294.

§ See Judd, Q. J. G. S. vol. xli. p. 376.

II Q. J. a. S. vol. xxxviii. pp. 290, 293.
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\

resemble fragments of included slate, still showing a relation to tlie

curving zones of the great spherules. Its origin is, however, much
better indicated by the Conway specimens.

With a specific gravity of 2-77 *, a hardness of about 2*5, and all

the appearance of a metamorphosed clay, it became interesting to

compare this decomposition-product with the parent rock. I suspect

that the composition of both varies somewhat in different specimens,

especially in the matter of silica, which is so largely accumulated

in the cavities of the rock. The portion of the white matrix and

spheroidal matter chosen was, so far as could be seen, free from

secondary quartz ; but the high percentage of silica shown probably

over-represents its original proportion in the lava-flow.

White spherulitic

rock of Digoed.

iSiO, 83-08

AiPg 10-25

Fe.p^ trace

CaO '2Q

MgO ,

.

-09

K,0 1-78

'Naft 3-58

Loss on ignition . .
-74

99-78 99-91 100-2

I have placed in a third column the average of six analyses of

pinite quoted by Ilammelsbcrg f. It will be seen that the figures

of the second column generally fall within the extremes made use of

in calculating those of column III., the main difference being in the

proportions of the alkalies.

The alteration-product of Digoed (and, by inference, the black

material of the other ancient rhyolites) seems, then, to be related to

the substances of the pinite group, and has probably as little claim

as they to be regarded as a mineral species.

Under the higher powers of the microscope, moreover, it is seen

to be composed of particles of various kinds. In one nodule from
Digoed it has given rise to minute crystalline tufts and bunches
of a uniform character:!:, interspersed with secondary quartz (PI. IX.
fig. 7) ; but a large section of the fragment used for the analysis

consists mainly of transparent angular grains of a very pale blue-green

* The specific gravity of the white matrix rises as high as 2-67, but is

variable through included quartz.

t Handbuch der Mineralchemie (2nd edit.), Band ii. p. 656.

I The substance discussed by Kalkowsky (" Untersuch. von Felsiten und
Pechsteinen Sachsens," Tscherm. Mittheil. 1874, p. 46) may perhaps be of a
'similar nature.

n. III.

Average of six

analyses of pinite

(the extreme per-

Black layer in centages made U3§

large spherulite, of are placed in

Digoed. brackets).

50-75 47-8 (44-7-54-6)

28-34 29-9 (23-6-32-4)

3-63 5-7 ( 0-9-10-2)

2-57 •7 ( 0-0- 2-4)

1-85 1-8 ( 0-0- 3-4)

6-21 8-7 ( 6-5-11-2)

2-19 •5 ( 0-0- 1-1)

4-37 5-1 ( 1-2- 7t8)
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tint, averaging -01 of a millimetre in diameter, together with a

number of minute greenish prisms, which give vivid colours under
crossed nicols. The latter are probably pyroxenic.

The results ofthe foregoing observations may be briefly summarized.
Leaving out of count the matter added to an altered spherulitic rock

by infiltration, such as the quartz which has, in lavas above the

Conwy Palls, produced veins some six or seven inches wide, there

is an evident tendency in such masses for the constituents to

rearrange themselves, probably under the influence of heated waters

as in the classical experiments of Daubree *. The silica thus

accumulates locally, and crystallizes out in nodular forms determined

by the original spherulites, while materials of much more basic

character than might have arisen from primary devitrification are

developed in layers and patches, and prepare the rock for future

physical change. It is rash to speculate on the final condition of

such a rock, were it to come under the influence of mountain-
building processes. Grreat " eyes " of quartz, however, resolvable

under polarized light into granular aggregates, agaiust which wisps

of soft micaceous matter are pressed and bent, are features not

unfamiliar in highly siliceous schistose rocks ; and it seems probable

that this differentiation and grouping of constituents would be closely

imitated by further metamorphism of the lavas of Conway and

Digoed.

The consideration of the changes undergone by our own coarsely

spherulitic rocks leads one inevitably to the conclusion that the bulk,

at least, of the " pyromerides " t and nodular porphyries of the

continent were also originally glassy rocks. Prof. Bonney has

practically expressed this view in dealing with the petrosiliceous

structure in his Presidential Address for 1885 $. While it is of

doubtful advantage to theorize respecting rocks with which one has

no field-acquaintance, a few points of evidence may perhaps be

mentioned here. Vogelsang § states that in a dyke of " Kugel-

porphyr " at Ozani, Corsica, the spherulites are accumulated at the

sides, an observation that may be paralleled on a minute scale in

the glassy selvages even of basaltic rocks, as, for instance, in a vein

near Tollymore, County Down. Delesse
|i,

again, insists strongly on

the connexion between an excessive proportion of silica and the

development o£ " globular " or coarse spherulitic structure ; and it

need scarcely be pointed out that this same predominance of silica

characterizes the most glassy of modern volcanic rocks. The
following analysis by Delesse ^ of a spheroid from the pyromeride

of Wuenheim, in the Yosges, may be compared with that of the rock

* Etudes synthetiques de geologic experimentale, p. 159, &c.

t The name Pyromeride (" only in part fusible") is due to Haiiy, and refers

to the different behaviour of the constituents, quartz and " felspar." (Monteiro,

Journal des Mines, tome xxxv. (1814), p. 359.)

J Proc. Geol. Soc. 1885, p. 95.

§ Js'eues Jahrb. fiir Min. &c. 1863, p. 102 (Niederrhein. Gesellsch. tur

Natur- und Heilkunde, Aug. 6, 1862).

II

Memoires de la Soc. geol. de France, 2me serie, tome iv. pp. 325, &c.

^ Bull, de la Soc. geol. de France, 2me serie, tome ix. p. 176.
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of Digoed. The silica-percentage has again, however, been probably

raised bv the removal of bases in solution. The specific gravity

was 2-59.

Silica 88-09

Alumina 6*03

Oxide of Iron 0-58

Lime 0-28

Magnesia 1*65

g^^^^^ I 2-53 (by difference)

Loss on ignition 0*84

100-00

De Lapparent *, again, has described a very striking pyromeride

from Bouley Bay, Jersey, the spherules, which exhibit the character-

istic infillingsof chalcedony and quartz, being 25 centim. (10 inches)

in diameter ; but there seems to be little doubt, from an examination

of specimens of several more modest varieties occurring in the same
neighbourhood, that this rock also must be numbered among the

ancient rhyolites f. Perlitic structure is, moreover, known to occur

in the matrix of pyromerides, as at the Rauhfels of Wuenheim J
and Gargalong near Frdjus §; and M. Michel Levy ||, while dis-

criminating between the characters of acid rocks of different

geological ages, points out, with Delesse, that there are considerable

resemblances between many of the ancient " porphyries " and the

rhyolites of Tertiary days. Whatever the issue in particular cases,

the study of the slow processes of change to which igneous masses,

in common with all other rocks, are subject, cannot fail to throw a
vast amount of light on relationships hitherto obscured.

I gratefully record my indebtedness to Prof. Judd for kindly

given help and much illustrative material ; also to Mr. F. T. S.

Houghton, F.G.S., for guidance at Conway and for several micro-

scopic slides ; and to Mr. J. F. Brooks, who worked with me in the

Wrekin area, and who has checked some of the chemical results.

Very many of the microscopic preparations referred to have been
made in the Geological Laboratory of the IS'ormal School of Science and
Royal School of Mines, in which the work of analysis was also

carried out.

* " !?sote sur les roches eruptives de I'ile de Jersey." Bull, de la Soc. geol.

de France, 3me serie, tome xii. p, 287.

t Cf. T. Davies, " Old Ehyolites from Bouley Bay." Min. Mag. vol. iii.

(1880), p. 118.

I Rosenbusch, ' Mikrosk. Physiographie ' (1877), Band ii. p. 83. Delesse, Mem.
de la Soc. geol. de France, 2me serie, tome iv. p. 309.

§ Fouque and Levy, ' Min. micrograpbique,' plate xv. Levy, "Roches anciennes

acides." Bull, de la Soc. geol. de France, 3me serie, tome iii. pp. 224, 235.

II
Loc. cif. p. 226.
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EXPLANATION OF PLATE IX.
•

[Where the degree of enlargement of the objects drawn is expressed by a
fraction, the numerator represents the magnifying-power of the objective with
which they were viewed.]

Pig. 1. Section of end of ramification of infilled cavity in large spherulite,

pitchstone of Zwickau, showing its connexion with a crack. The lines

of flow are cut through by the cavity, which contains chalcedony and
calcite. A portion of the glassy matrix is seen below. X-%°.

2. Section of coarsely spherulitic rhyolite, Wrockwardine (Wrekin) area,

showing difierence in width of cracks as they pass from the matrix
into the spherulitic matter. The matrix is seen to be perlitic. X \°-.

3. Large compressed spherulite, broken across, from rhyolite of Digoed,
N. Wales. Extensive development of quartz and chlorite has taken
place, and the residual spherulitic matter forms but a thin encircling

wall. Natural size.

4. Section of two spherulites from rhyolite of Digoed, N. Wales, showing
zones of granular secondary quartz, with lines of liquid enclosures
passing continuously from grain to grain . X 2.

5. Portion of the quartz of the above with lines of liquid-enclosures.
vx 1 00

6. Section of compressed spherulite in rhyolite of Conway Mountain,
showing alternate concentric layers composed of a black product
of alteration. x2.

7. Section of black alteration-product in centre of spherulite, rhyolite of

Conway Mountain, showing development of tufts of crystallites

within it. x H--

Discussion-.

The Peesiden^t said that Mr. Cole had attacked a very puzzling

problem and had given an explanation which appeared to be con-

sistent with the whole of the phenomena.
Prof. Bonney said that the subject was not only difficult to

elucidate, but also difficult to discuss. He did not understand the

formation of the supposed alteration-products from the white sphe-

rulitic rock. Again, he had noticed in one of the microscopic slides

a crystal of iron-oxide close to the edge of a cavity. If the cavity

was due to decomposition, why was not the crystal affected?

Another difficulty was to conceive what agent could have produced

the decomposition, what acid could have acted on one part of the

rock, leaving other parts quite unaffected. He was rather inclined

to attribute this kind of spheroidal structure to cracks forming

around vesicles. The radial or true spherulitic structure was, in

some cases, connected with, but subsequent in origin to, the formation

of the cavity. He, however, congratulated Mr. Cole on the ingenuity

of his views and on the lucid manner in which he had explained

them to the Society.

Mr. Eutlet said that he was unable to accept any view hitherto

offered as to the origin of these bodies. He showed that there were
several different kinds of spherulites, and gave examples. He in-

stanced the concretions in the Magnesian Limestone of Durham as

affording structure which sometimes apparently bore a certain
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analogy to that occurring in the large spheroidal bodies met with

in the felsitic lavas of Skomer Island, and also in the forms which
Mr. Cole had so well described.

Prof. Maskelyne remarked that the solvent would more probably

have been in the form of alkaline thermal infiltration than acid;

but he did not understand how the black mineral was produced by
simple decomposition of the white spherulitic rock. He doubted

the data being sufficient to explain the action of alteration. For
instance, what was the 4-37 per cent, loss by ignition ? Was it all

water or part of it carbonic acid ? He suspected that while rocks

like pitchstones differ in different districts, not merely in chemical,

but in mechanical composition, the original formation of spherulitic

structure was in most cases the result of contraction, owing to the

minerals formed in the globules being denser and tending to shrink

from the surrounding mass while solidifying.

Mr. Cole, in reply, said he had been greatly indebted to Prof.

Bonney's papers. With reference to the alteration of the white
spherulitic rock into the black product, the rock itself was not now
in its original condition, and the additional alkalies of the product

may have accumulated from the surrounding mass. Doubtless dis-

integration and infiltration had both taken place. He agreed that

alkaline waters may have shared in the action. As to the hollowing

of the spherulites, he referred to evidence put forward on the

continent.
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15. The Thames-valley Sueface-deposits of the Ealing District

and their Associated Paleolithic Eloors. By John Allen

Beown, Esq., E.E.G.S. (Eead Jan. 27, 1886.)

[Communicated by A. Eamsay, Esq., F.G.S.]

[Abridged.]

This paper, which is but a brief epitome of my investigations, may
be coDsidered as a supplement to the valuable one by Col. Lane
Eox " On the Palaeolithic Implements in Association with EJephas

lirimigenms in the Thames Yalley at Acton " *, so far as it relates

to much higher bench-deposits than those described by him.

Mr. Whitaker has described the highest of the three terraces

into which he has divided the valley-deposits, as occupying the levels

between 50 and 100 ft. above 0. D.f, and extending up the shoulders

of the hills which, to the north of the river, divide the inner valley

from its wider extension of, generally speaking, low-lying Eocene
deposits, now bounded by the chalk hills of Herts and Bucks. I

shall now show that the high bench-deposits reach far above the

100-foot level ; this fact is, however, one which Mr. Whitaker is

evidently prepared for.

The high-valley gravels proper in the neighbourhood of Ealing

flank the sides and, in some cases, reach nearly to the top of the

hills which form the inner-valley ridge. They extend from East

Acton (where the mid terrace runs up as a deposit which differs

altogether in structure from the higher one, and which appears to be

a redeposit of the older bed) to beyond Hayes, forming a continuous

tract to the north, which reaches much beyond the Great "Western

Eailway.

The highest ground of the inner-valley ridge above mentioned is at

the Mount and Hanger Hill ; the former, which rises to 204 ft. above

0. D., is tbe site of the large reservoir made by the Grand Junction

Water Company. During the excavation, I found that the summit
of the hill was occupied by thick beds of gravel of a totally different

character, and formed under other conditions than a fluviatile or

estuarine gravel, and that patches occur here and there in such a

way as to render it probable that these gravels once extended right

along the ridge and over Hanger Hill. The results of my obser-

vations are given in a paper, which I read to the Geologists' Asso-

ciation X. The excavation disclosed long furrows filled with flint-

gravel and fragments of foreign rock, which were also spread over

the adjoining fields ; the underlying stratified beds of white sand

and loam (believed to be Bagshot) were always distinctly pressed

out of the line of deposit where the jagged furrows occurred ; it was
noticeable that the stratified beds became again horizontal at a

lower depth, thus showing that the formation was not due to the

* Quart. Journ. Geol. Soc, vol. xxviii. p. 449.

t Mem. Geol. Survey on sheet 7.

:|:

' Probable Glacial Deposits at Ealing," Proc. Geol. Assoc, vol. viii. no. 3.
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action of springs. In this paper I gave reasons which convinced

me that these deposits of gravel and foreign rock-debris were due

to the action of ice which had stranded and melted there, and thus

been caused to deposit its burden of glacial detritus. These high-

level gravell)- deposits afford evidence of the last period of emergence,

especially when viewed in conjunction with similar formations

which are found surmounting Horsington Hill (25<^ ft. 0. D.) to the

north, and other elevations in Middlesex ; they indicate, moreover,

the period when the wider hollow between the chalk hills of greater

height was submerged.

Castlebar Hill (167 feet high), which may be taken as an illus-

tration of other hills, presents us with evidence of a character quite

different, and which, so far as I know, has never been described before.

On the western slope, near the junction between the Edgehill and

St. Stephen's roads, there has been exposed a thick bed of gravel,

sand, and loam, the approximate height of which is 160 feet. The
section shows that the lowermost deposit is almost entirely composed

of completely rolled pebbles, which are intermixed with a few frost-

split black pebbles, and that above this is sand ; the abraded angular

flints which usually form so large a proportion of a fluviatile de-

posit are absent ; above the sand is a finer gravel containing a

larger proportion of small angular fragments, which is associated

with thin cross-bedded layers of sand and blue clayey loam, strongly

indicative of varying currents. The argillaceous seams generally

dip to the west in conformity with the present incline of the hill. A
similar gravel occurs further east, nearly on the same level, at the

junction of the St. Stephen's and Castlebar roads, so that this gravel

probably continues over the rise of the hill which intervenes :

these deposits overlook the Thames Valley on the south and the

lower ground to the north. Similar gravels occur on the north

slope of the hill, and hence appear to be out of the range of what
have hitherto been regarded as bench-gravels. Thus, in one section

made, about 2()0 feet distant from the trees which mark the former

entrance to the late Duke of Kent's Park, several feet of gravel with

much clay and ferruginous sand was seen at about 150 ft. above 0. D.
;

while a little lower down, near Castlebar Court, a similar formation

occurs. Gravel is met with at other places along this north slope.

What has hitherto been considered true bench-gravel (i.e. the

usual stratified beds and brick-earths) commences in this district on

the flanks of the hills at 130 feet, and is bounded northwards and
upwards by London Clay, or stiff brick-earth much resembling it.

This clay-covered area, which extends north from near the Longfield

avenue to the beach-like gravels at the summit of the hill, contains

pot-holes or depressions filled with gravel, which, as it would seem,

indicate the former continuity of the higher and lower gravels

;

similar pot-holes of gravels were noticed between the AValdeck lload

and Cleveland Koad, again connecting the terrace-deposits with the

beach-like formation, &c., at the latter.

I have a well-formed implement which was found in gravel to

the north of the Longfield Avenue (125 ft. above 0. D.); it was
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discovered beneath 14 feet of brick-earth and gravel. Ifc is black,

but much abraded.

On the southern shoulders of the Mount there is a deposit of

loamy sand and sandy clay surmounted by trail, the agglomerated

stones of which are often cemented by iron oxide into concretions

;

it is over 15 feet in thickness. This deposit reaches to the 130-

foot contour, and is divided from the glacial deposits above by a

band of London Clay.

Prom the foregoing evidence, I am induced to believe that these

lower gravels were connected, until denudation severed them, with the

more beach-like deposits on the top of Castlebar Hill, if not also

with the " furrow " or Glacial gravels, &c. on " the Mount," and
that all are essentially parts of but one series of deposits. The
pebbly gravels at 155 to 160 feet above 0. D. must be very ancient,

so ancient, indeed, that they would appear to have been accumulated

when the physical geography of the country was altogether different

from what it is now. It would seem as if the northern tributaries

could not have been then eroded ; that very little, if any, of the

present conformation of the Thames Yalley had been fashioned ; and
that, so far as the present surface does coincide with that of this

olden time, it was submerged beneath those waters (possibly marine
or estuarine) which deposited this gravel upon ground just emerging

above the waves, which covered the Eocene area to the north, and
lapped the islands formed by the higher ground of Harrow, Horsing-

ton, and other hills.

Although there is no positive evidence of any undisturbed land-

surface belonging to this early period upon which man may have

lived, it is possible that some of the most abraded implements in my
collection, the surfaces of which are almost destroyed, may have

been made at that time.

The next series of beds in chronological succession present us

not only with man's handiwork, but with evidence that he lived in

the Thames Valley at successive levels up to the period when the

brick-earth series of loams, sands, and trail covered up and pre-

served the works of Palaeolithic man of the Drift.

The variation in the thickness of the brick-earth series on the

high-terrace gravels is very remarkable ; the following is one striking

instance out of many :—On the line of the Avenue Eoad from

Castle Hill Station, where the gravel reaches to the surface, and

shows but small traces, if any, of brick-earth above it, northward to

St. Stephen's Church, the gradually deepening deposits of the latter

formation are very noticeable. Commencing at the Pyrmont Eoad, it

is found to be 6 feet thick at the Albany Eoad ; it increases to a

considerable extent at the Arlington Eoad, and deyelopes to a thick-

ness of over 21 feet near the Waldeck Eoad, with only about 2 feet

of gravel underlying it, making the whole thickness of the valley-

deposits at this spot (about 126 ft. above O.D.) 23 feet ; beyond this

it becomes shallower and thins out to the north, and is succeeded by

London Clay with the pot-holes of gravel I have described, connect-

in^ the deposits with the thick beds I have mentioned near the
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summit of Castlebar Hill ; vegetable remains have been found in it.

This brick-earth therefore forms a bed in the gravels more than a

quarter of a mile long.

The partial absence of the valley-deposits from this London-Clay

area is doubtless due to denudation ; and this may probably have

been brought about by the same conditions which laid bare the

strips of London Clay which, as Mr. Whitaker has observed, separate

the high-terrace from the mid-terrace deposits.

I have found that beds of loam and gravel, apparently corre-

sponding in age and level with the high-terrace gravel (between 90
and 130 feet), may be traced in the country to the north of the

ridge which, in this district, has usually been considered to be the

limit of these deposits. The evidence is briefly as follows :—A bed
of mottled sandy clay was lately exposed on the north side of the

avenue leading to the grounds of Twyford Abbey. It was about 5

feet in thickness, and traceable fully three quarters of a mile along

the road eastward (about 117 feet above O.D.); it extended* some dis-

tance up the northern slope of the hill forming part of the ridge. I

have seen sections of gravel 7 or 8 feet thick at Alperton, and noticed

at the base of the deposits a bed of large-stone gravel (like that

which characterizes the base of the high-bench gravels), containing

blocks of abraded Sarsen stone, one of which was 3 feet across

and must have weighed about 7 cwt.

Beds of about 8 feet in thickness occur in brick-fields at Sudbury,

while a low hill to the east of these works is largely composed of

vaUey-deposits which are said to be of the depth of 25 feet. I saw
many boulders of water-worn Sarsen stone which were taken from

it, from 18 inches to more than two feet in diameter. Eastward of

Acton Wells there is a considerable deposit of sand at 106 feet above

0. D. At Harlesden Green (about 140 feet above 0. D.) and its

neighbourhood, brick-earth occurs in patches, while valuable beds of

the same material likewise occur at Harrow Weald, Northolt, and
Greenford ; large boulders of Sarsen stone are found on or just be-

neath the surface of the land.

These facts appear to indicate that during the period when the

lowermost beds of the high bench were being accumulated, similar

gravels of less thickness were being laid down on the Eocene area to

the north, and that such formations may have continued up to the

time when the brick-earth series set in.

OldLand-Surfaces.—The high-terrace gravels between 60 and 125
feet contain seams of black matter (carbonate of iron or manganese).

These appear to be due to the decay and consequent change of vege-

table matter : on examining them I found that their position and
relation to each other were more or less persistent in the neighbour-

hood of Ealing. I soon noticed that a very distinct stratum was
almost always apparent close beneath the brick-earth deposits, and

that when the floor was not indicated by a seam of black matter, it

was to be traced by beds of whitened pebbles and subangular frag-

ments. Many of these fragments are coated with a deposit which

looks like clay ; but as it does not break up in water, it may be a

clayey humus. The stones, moreover, are often eroded in such a

Q.J.G.S. No. 166. p
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peculiar way as to suggest that such erosion was effected by crenic

and other acids associated with humus. The bleached surface, more
particularly of the larger stones, is often on the upper side only,

while the under surface has the same colour as the gravel, that is,

ochreous or brown, as the case may be. Some of the stones, however,

do not appear to take the staining easily and remain black, as is the

case with many of the flint implements.

The presence of this coating of black matter on the stones and
grains of sand, together with the humus, which hides their bleached

surfaces, seemed to me to form a reasonable basis for the hypothesis

that these seams represent old land-surfaces ; and this hypothetical

suggestion became to me almost a matter of certainty when un-
abraded flint implements &c. were found at levels corresponding

with them.

The bleached stones, porcellanized only on the outer side, indicated

that they had been exposed to the sun's light and to the atmosphere

for a long period ; and the whitened fragments which are often found

scattered through the gravel without being associated with any par-

ticular line of stratification show that these old land-surfaces had
been again and again broken up and disturbed, and with them these

flint implements, which have become more or less abraded owing to

their having been carried about by currents from one spot to another.

Three or four more or less distinct lines of former land-surface

have been traced by me in various sections between Creffield Road,

Acton, and Longfield Avenue on the rise of Castlebar Hill, Ealing.

One occurs at a level of from 4 to 6 feet below the surface, a second at

from 7 to 8 feet, and a third (a black seam) at from 10 to 14 feet.

Although some of the unabraded implements and flakes in my
collection had been found at levels corresponding with these floors,

yet the majority of those hitherto discovered were more or less

abraded and rolled, so that it was not until the ground was exca-

vated in the Creffield Road, Acton, at about 100 feet above 0. D., that

my views were entirely confirmed.

The gravel-pits in the Creffield Road, Acton, are situated near

where that road is intersected by Mason's Green Lane, about 200

yards south of the bridge over the Great Western Railway ; the

surface of the ground is nearly horizontal, but with a very slight

incline towards the Thames, which now flows in a curve in this

direction about two miles away as the crow flies.

In two small pits, one about 18 feet square, and the second 30 x 12,

situated within 6 or 7 yards of each other, the workmen discovered,

close beneath the brick-earth deposits, and about 6 feet from the sur-

face, about 400 implements, flakes and fragments, while at the second

level of 8 feet, five or six specimens were met with, and at from 10

to 11 feet three specimens rewarded me for the continued care I had

given to this locality. It soon became evident that there had been a

manufactory of Palaeolithic implements on this uppermost floor, since

they were often found together in nests, and they are all as sharp

and unabraded as on the day they were made.

The underlying gravel, which at the period of its deposit formed

the land-surface, and is composed of the usual subangular stones, slopes
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at a greater angle than the present surface, as shown by a small

circular excavation made about 120 feet to the south. In this ex-

cavation the brick-earths increased to 9 feet in thickness, and the

floor was traced beneath them, in fact two worked flakes were found

upon the floor, covered with the loamy sand. Coarser gravel with

thin seams of sand occur as the base of the valley-deposits is

reached. ^

Section in High-Terrace Gravel at Greffield Road, Acton.

100 feet above 0. D. Pit No. 2. (Scale ^ inch to 1 foot.)

>,'.'

Base not seen.

S. Surface-soil. E. Subangular gravel with seams of

A. Trail. sand.

B. Brown Brick-earth. F. Bleached pebbles and humus
C. Sandy loam. [Flakes].

D. Bleached pebbles &c., Floor [400 G, I, L. Coarse gravel with seams of
worked flints]. H, K. Black seams. [sand.

Many of the implements associated with the blanched stones are

also white, but some are more or less brown and ochreous, and a few
are still black. Among the flakes, fragments, and flint nodules

which have been worked, there are various tools and weapons of

Palaeolithic workmanship. The prevailing forms are javelin- and
spear-heads, ranging in length from 3 to 6 inches ; they are roughly

but symmetrically chipped by secondary working to a point and
p2
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flanged at the butts, producing a rudimentarj' tang, and the edges
are sharply bevelled.

They show, like the implements of a similar kind obtained from
other parts of the district, that a regular method was in use by
which these objects were made. Thus it seems evident that, after

striking single-ridged flakes from the cores, so as to leave a hollow
where the one-ridged flake had been taken off, care was taken to

strike the second or double-ridged flakes about the centre, and just

behind the previous point of impact ; in this way a double-ridged

flake was formed, having a thin end or butt, which could be easily

inserted into the spear-shaft. I have smaR flakes from Hanwell,
&c., worked on the same model, which, it is clear to me, were used
as arrow-points. Besides these objects, there were many rounded
semilunar scrapers, knives with worked edges, flints with neatlv

worked semicircular depressions, three or four awls or perforators

made on the same pattern, and other worked flints. Some of

the implements are rudely chipped like celts, and I have no doubt
were used as such ; while one fine specimen formed from a long

flake is worked all round to a cutting-edge, both ends being carefully

rounded. This is more like one of the Neolithic forms than is the case

with specimens found in the Drift ; indeed the whole contents of this

Palgeolithic workshop are, by their sharpness and preservation, more
like a collection of Cissbury specimens, but partlyorwholly discoloured,

than those generally found in the Drift. I have specimens from
diflerent parts of Ealing and Hanwell, however, in the same condition.

In a pit in the Chaucer Eoad, Acton (82 feet, 0. D.), about f of a mile

distant. Col. Lane Eox found a number of flakes remarkable for

the sharpness of their edges *. I cannot have any doubt as to the

implements having remained where they were first made. They
were probably left on some small island to which the Palaeolithic

people had retired for better security. The sandy loam which
covered the flints (and which may still be seen adhering to many of

them) shows that after they had been exposed to the atmosphere for

a long time they were submerged beneath water, which was as

calm and free from currents as that of a lagoon. It is evident from
the trail-deposits of agglomerated stones, which were seen above the

sandy clay and denser brown clay in the sections, that other con-

ditions afterwards prevailed, by which they were accumulated.

They are believed to be due to the slipping of ice and snow. The
floor just beneath the brick-earth can be traced beyond the Great
Western Eailway towards Mason's Green. There is little doubt
that it extends to the limit of the bench-deposit in that direction,

and that it is ultimately lost in the loamy matter often seen above

the Eocene clay.

I have no doubt, from what I have seen of these beds, and from

the height to which this part of the terrace-deposits reaches, that

such lagoons (still retaining a connexion with the main channel of

the stream) extended over much of the low-lying country to the

north, and were separated one from another by large tracts of low-

lying swampy country. The varying thickness of the brick-earth

* Loc. cit. p. 456.
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(already referred to) is shown near Freeland E-oad, about half a

mile to the west ; a section there shows the floor running nearly up
to the surface and sloping to the west ; it evidently represents a

depression in the lower beds which has been filled with brick-earth.

The banks of gravel exposed even lulien the brick-earths were being

deposited (and which, in many cases, may have been broken up and
disturbed by floods) afforded many secure sites upon which these

ancient people lived.

With regard to the lower surfaces, it appears that, though subject

to similar changes, they were never entirely destroyed. The
unabraded implements and flakes, as sharp as these Crefiield-Road

specimens, which I have found at lower levels, say at 8, 10, and 12
feet all over the district, render it probable that they too have
remained on the spots where they were left by the men who used

them, but were covered, first with a stratum of sand, and afterwards

with gravel.

The waste and slipping of the surface of the London-Clay hills in

this district to lower levels, even under the present temperate

condition of things, is so marked, that it must have been a very

important factor, even after the waters had retreated from it. This

action may be seen actively in progress on the slopes of Horsington
Hill, which is exposed to the elements in all directions *.

I regret that I have never found any bones or shells in the upper
terrace. I have, however, a small collection of both from the mid-
terrace deposits near the boundary of Brentford with Ealing. The
shells belong to the same species as have previously been recorded

by Messrs. Trimmer, Morris, and Belt. The bones are :

—

Cuboid of Hipjjopotamus, slightly rolled, determined by Mr. E.
T. Newton, of the Geological Survey.

Metatarsus of Bos primiqenius or J5. ^ -r- n i j i^ • i
7- -r i/ unrolled, determined

Bovine teeth, probably B. lonrjifrons . i

^^^^ ^^^ j^^^ ^^^^^
Remains of Cervus capreolus J

A large number of other bones were found, including part of the

jaw (probably) of Rhinoceros ; but they are too fragmentary and
too much roUed to be determined with certainty.

Discussion.

Prof. T. M'^K. Hughes asked the author whether it was possible

that the series of flakes could have been swept into hollows or col-

lected in any way from the surface. Their state of preserv^ation was
different from that of the implements from the gravels and loams,

and suggested more recent exposure to atmospheric action.

Prof. W. Boyd-Dawkins said that the discovery of floors of human
occupation in the river-gravels of the Thames Yalley was of con-

* According to Sir Andrew Ramsay and ]\Ir. Whitaker, the escarpments of

the Cretaceous deposits of the North and South Downs have mainly been
formed by the same subaerial denudation. If this be so, then the same agents
must have produced an enormously greater effect on the soft Eocene beds and
alluvium in N.W. Middlesex.
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siderable interest, as it confirmed the evidence already laid before

the Society on the point by Messrs. Spurrell and Worthington
Smith. In the floors discovered by Mr. Spurrell at Crayford

the splinters had been knocked off the waterworn blocks of flint

in course of manufacture, and very few of them were worked.
In the case brought forward by the author the implements
were worked. Palaeolithic man lived at Crayford at a time when
the Thames brought down no foreign pebbles ; in the case before us

he is proved to have lived on the banks of the river while materials

derived from the boulder-drift were being deposited in the gravels.

In the one case he was probably preglacial, and in the other cer-

tainly postglacial in the valley of the Thames.
Dr. Woodward pointed out that the best of the palaeolithic imple-

ments were made from fresh, undried flints just derived from the

chalk, and not from old pebbles. He thought that some of the im-
plements were brought from higher grounds, and were not manu-
factured on the spot where found. He congratulated the author on
the large collection which he had been able to bring together from
the Thames Yalley.

Mr. Cheadle asserted that, from an examination of the sections,

he could state that the furrows spoken of by the author showed no
evidence of glacial origin, and that the foreign blocks were not found
in the furrows themselves, but were strewn about on the surface of

the field.

Dr. Hicks agreed with the last speaker that there was no evidence

of the furrows having been caused by ice-action. He had seen

some of the sections in question with other members of the Geolo-

gists' Association. He thought there was good evidence of the

existence of the author's " Palaeolithic Ploors."

Mr. R. MoF:NiroRD Deeley stated that the furrows described

by the author seemed to him to prove the existence of a late period

of cold, coming after the deposition of some of the valley- deposits.

The Author said that the furrow-gravels were found over 200 feet

above 0. D., and rested on stratified sands and loamy beds, believed

to be Bagshot, bent and compressed together under the jagged

furrows. They could not have been formed by the washing-in of

gravel by running springs, as Mr. Cheadle suggested, because the

lowest strata or laminae are horizontal and parallel, and the squeezing

together is just beneath the gravel, where the pressure was actually

exerted, as shown in section. He asserted that he had found

pebbles of quartz, quartzite, greensand, &c. in the furrows them-
selves, and they also occurred, associated with small boulders of

granite, greenstone, Carboniferous Limestone, &c., on the surface of

the ground. The great mass of unworn implements, flakes and
fragments, 400 in number, were found within an area of about

40 feet square, the whole being covered up by brick-earth and trail.

These implements are quite distinct in character from those which
were much eroded, many of which might have been washed from

higher levels. The thick valley-gravels contain many pebbles of

quartzite and other foreign materials. He thought that the specimens

were of very different ages.
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16. On the Pliocene Beds of St. Erth. By Percy F. Kendall, Esq.,

Berkeley Fellow of the Owens College, and Eobert George

Bell, Esq., F.Gr.S. With an Appendix by Dr. G. J. Hinde,

F.G.S. (Bead February 24, 1886.)

In presenting this paper for the consideration of the Geological

Society, we desire to state at the outset that it is intended only as a

report upon reaching a stage in the investigation of this interesting

deposit, and that any speculative remarks which we may venture to

oflfer are intended rather as indicating certain directions to which
inquiry may be turned with a prospect of useful result, than as well-

matured conclusions to which we are prepared rigidly to adhere.

The materials at present available do not warrant us in taking a

less guarded attitude, the list of fossils which we bring forward,

though very large, being, Ave are convinced, capable of considerable

increase by a more extended examination of the beds than we have
hitherto been able to make.

The attention of the Society was first directed to the St. Erth
deposits by a communication from the late Mr. S. Y. Wood, which
was read at an early meeting last session. That paper was con-
sidered by Mr. Wood to be of a tentative character, nothing very
accurate being known of the physical conditions of the deposit, nor
was there anything like a good knowledge of its contents, and it was
his hope that the attention of competent geologists might be drawn
to its occurrence, so that it might be worked out and surveyed in a

better manner than, in his invalid condition, he was able to perform.

Shortly afterwards Mr. Wood died, and by his desire the whole of

the material and correspondence was placed in the hands of one of

the authors of this communication, with the wish that the subject

might be still further worked out, especially with regard to the

Mollusca.

In the course of the last summer St. Erth was visited by Mr.
Henry Keeping, who collected, in the interest of the Woodwardian
Museum, a large scries of Mollusca, with a few other remains, with
one or two exceptions all invertebrates, these exceptions being two
or three small vertebrae and two otoliths of fishes. Mr. Clement
Beid, of H.M. Geological Survey, also visited the section, making
observations and collecting a few shells (among which were three or

four species which had not been found previously) from the spoil-

heaps that had been left ; but the sides had subsequently fallen in

and he was unable to collect very extensively. Later on it was
examined by one of us, having the kind permission of the Yicar of

St. Erth, on whose glebe-land the deposit is exposed, and the result

of these several visits has been to materially increase the list of
species above that which was known at the time Mr. Wood's paper
was read.

At present the number of known and described or named species

amounts to seventy-two, while there are about twenty morf; which
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do not seem to be known, either in a fossil or recent state ; of these,

some few were named by the late Mr. Wood in MS., atid, as such,

have been included in the synoptical list of Mollusca appended ; but

the authors have thought it better to postpone the naming and de-

scription of any other new species until further specimens have been

collected.

The various deposits are to ' be seen in a sand and clay pit exca-

vated upon the K.W. slope of the hill upon which stands the vicarage

of St. Erth, and at an altitude of 100 feet above 0. D. Other
exposures will be mentioned in the sequel.

The succession of the beds is shown in the section subjoined

(fig- 1).

Fig. 1.

—

Section at St. Erth.

^^&:^^

*\x A}*aV'"'^ V V" '\\ I'ine quartzose sand.

Vegetable soil.

" Head."

Yellow sand,

" Growder."

Yellow clay.

Blue clay, with fossils.

Quartz-pebbles.

>-
A^. A -A 'v

" Growder."

Elvan Dyke.

The Bed 1, or "Head," is an argillaceous deposit containing many
angular fragments of killas and other local rocks, and is probably

of glacial origin. Mr. S. Y. Wood identilies it with the " warp " of

his memoir on the " IN'ewer Pliocene Pormation " ; below this comes

the series of beds with which we purpose dealing.

Bed 2 is composed of fine yellow sand, which is well exposed

upon the N.E. face of the pit.

Bed 3, yellow clay without fossils, separated from " 2 " by a thin

layer of very coarse ferruginous quartzose sand (" Growder").

Bed 4. Blue Clay, with many fossils.

Bed 5. Layer of scattered quartzose pebbles.

Bed 6. Fine quartzose sand, yellow above and purplish below.

Bed 7. Very coarse highly ferruginous sand (" Growder ").
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One observed dip gave about S^° to 4° to J^.N.W. ; but the true

dip is probably 5°.

Mr, Wood states, on the authority of Mr. Cornish, that the clay

occurs as a lenticular patch in the midst of the sand ; but though the

section was much obscured when our examination was made, all the

appearances then presented led to the conclusion that the bedding
was quite regular (see fig. 2).

Fig. 2.—Section in West Corner of Sand-int, St. Erth.

At a slightly less elevation to the N.N.E. a thick bed of " Growder "

(probably No. 7) occurs, and about three hundred yards to the west,

in a deep quarry beside the road leading from the St. Erth Post-

Office to Hayle, and excavated in an elvan dyke, the " Growder "

is seen resting directly upon an irregular surface of the felsite,

fragments of which, in a greatly decomposed state, are imbedded in

the sand. The same " Growder " is to be seen along the roadside

at various points nearly as far as the village of St. Erth.

A short distance along the road in the opposite direction, in the

corner of afield called " Moor Meadow," a small pond was excavated,

as we are informed, in the Blue Clay, but no fossils were observed.

At the present time it is filled in by surface mould, but some traces

of clay could be seen.

In a lane to the south of St. Erth, a roadside-cutting is said to

have exposed the Blue Clay, but only obscure traces of it can now
be seen.

The extent of the lines of outcrop is not traceable on account of

the covering layer of " Head," which is in many places of con-

siderable thickness, and the cuttings necessary to confirm the state-

ments made to us could not be made, owing to the short time avail-

able and to the inclement weather ; for the same reason, dips and
levels could not be taken. The area embraced by these alleged

exposures is atout one hundred and twenty acres.

The lithology of these beds cannot be treated exhaustively in this

communication, owing to the difficulty of obtaining clean and un-
mixed specimens, consequent upon the falling in of the side of the

pit.

The sands are of well-rounded quartzose grains, primaril)'- derived

from some Plutonic rocks. Black grains occur, which are probably

hornblende.

The difference in colour of the two clays is, no doubt, attributable
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to the oxidation of the upper part, though it should he noticed in

this connexion that the yellow clay is almost destitute of fossils,

only fragments being found. The washings yield, according to

Mr. Wood, about 1 per cent, of angular rock-fragments, mostly killas,

and some vein-quartz ; the finer washings also show abundance of

fine angular quartz grains, and some mica.

The clay-bed, No. 4, seems to be the deposit in which nearly all

the shells and other remains are found ; but this does not seem to

be uniformly fossiliferous, as a large quantity obtained for exami-
nation by Mr. Wood was very barren, while careful washing and
sifting of about thirty pounds weight from another part yielded

nearly the whole of the smaller species of MoUusca recorded, and
brought to light many species of Rissoa, Odostomia, and other

genera, with a quantity of the fry of the larger species.

The fossils are in general very strong and in good condition, the

finer strige and ornamentation even of the Foraminifera being well

preserved, probably owing to the tenacious character of the matrix.

It is remarkable, however, that the larger bivalves are almost all

fragmentary, the oysters alone being generally found in a tolerably

perfect condition : this may probably have been owing to the pre-

sence in the St. Erth sea of a large number of predatory fishes,

such as the Wolf-fish (Anarrhichas lupus), which breaks up the

strong shells of Nucula and Pectunculus with its solid pavement of

teeth.

So far as investigation has been carried out in this deposit, nearly

all the palseontological evidence obtained has been confined to the

Invertebrata ; the only remains of a higher class consist of a few
undeterminable fish-vertebrae and otoliths.

Several species of Polyzoa occur, all of which have a wide geo-

graphical range, mainly southern; the encrusting forms were at-

tached to the interior of Gastropods, and single detached cells are

found in the fine washings ; but it is a remarkable fact that we have
not found a single example upon an oyster, Pecten, or any other

bivalve which usually forms their habitat. The following species

have been determined :

—

Melicerita Oharlesworthii, M.-Edw. I Lepralia Pallasiana, Moll.

Salicornaria (Oellaria) sinuosa, Hassall.
\

(Microporella) violacea, Jb^ws^ow.

All these occur in the Coralline Crag and the Italian Pliocenes. No
characteristic northern species has been found. Fragments of Bala-

nus occur, and several species of swimming Crabs are represented

by chelae and fragments of the carapace. Detached plates of Echini

and portions of the test of an irregular Echinid abound ; also the

spines of both groups. We have also found three or four species of

Annelida and a Nullipore {Melobesia, sp.), and in the fine siftings

spicules of calcareous sponges, upon which Dr. Hinde has appended

a note. Shells bored by Oliona are also found.

An interesting discovery is that of an Alcyonarian.

Plates referable to the Holothurias (Cucwmaria, sp.) are fairly

ommon.
But perhaps the most remarkable of the fossils of this deposit
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are some minute stellate spicules of calcareous composition which,

with the kind assistance of Mr. Eidley, of the British Museum of

Natural History, we determined to belong to an order of the In-

vertebrata which has never before been found in a fossil state, viz.

the Tunicata ; but in order to make quite sure of its affinities, we
submitted specimens to the judgment of Professor W. A. Herdman,
of University College, Liverpool, who confirmed our determination,

and pronounces it closely allied to Leptoclinum tenue, a species

to be mentioned in the second part of his report on the ' Challenger

'

Tunicates, which is now in the press.

The Poraminifera and Ostracoda are present in large numbers ; of

th-e former Mr. P. J. Millet, of Marazion, found about one hundred

and twenty species and varieties ; and the Ostracoda, which are in

the hands of Messrs. Brady and Robertson, seem individually quite

as numerous, every part of the clay from bed No. 4 yielding multi-

tudes of examples of both these groups.

With regard to the Mollusca, which, as in nearly all other deposits,

present the best means of determination respecting age, climate,

and other conditions, much, in our opinion, remains to be learned
;

but enough is known to enable us, with some degree of certainty, to

confirm the view expressed by the late Mr. Wood as to the date of

the Blue Clay ; we think there is little doubt of its being of Pliocene

age and contemporary with the middle or lower portion of the Red
Crag. Several remarkable shells, which have always been regarded

as characteristic of that deposit, occur here, such as Littorina sub-

aperta^ Conovulus pyramidalis, Nassa granuJata, and Columhella

sulcata ; the first two occur only in the Red Crag and one of the

Belgian upper Crags, the last not earlier than the Coralline Crag,

where it is very rare, and certainly not the same form as the single

St. Erth shell, which is large, and resembles the coarser varieties of

the Middle Red Crag. The large numbers of Nassa serrata or

reticosa (these species are undistinguishable), Turritella incrassata,

and Naiica millepu aetata, which similarly occur in plenty in both

deposits, tend to the same conclusion as to the identity in time of

the St. Erth deposits and the Red Crag. At the same time it must
not be overlooked that a small number of important and prominent

species occur at St. Erth which have no representatives in the Crags of

Suffolk, and are entirely of a southern character, such as Fasus cor-

neus or lignarius, Nassa miitahilis, Gardium papillosum, and Cardita

aculeata. Three of these species have never been found in Great
Britain, either fossil or recent, and, excepting in the Italian Pliocenes

and Prench Miocenes, have never before been noticed north of the

Mediterranean and. Cadiz ; and it will be observed, on reference to

the synoptical list at the end of this paper that, with the exception

of three species of small size, nearly the whole of the shells which
have a living-range into the seas of Norway, also extend in a

southerly direction into the Mediterranean.

It may be as well to call attention to the large size of these

St. Erth examples of peculiarly Mediterranean Mollusca, such as

Nassa mutabilis, Turritella incrassata, &c. ; these far exceed any
examples in the seas or formations of Southern Europe, and although
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we cannot offer any adequate explanation of such extreme size, it

is worthy of note.

The remarkable character of the fauna appears to point to certain

conclusions of great moment, and, with the reservations stated at the

outset, we venture to bring them forward in the hope that the

criticism to which they will doubtless be subjected will, whether
favourable or otherwise, give us a secure standpoint from which to

view the great mass of additional esridence which will assuredly be
brought to light when the deposit is submitted to a closer and more
exhaustive examination.

Taken as a piece of negative evidence, the southern facies of the

fauna may be inferred from the total absence of the boreal or arctic

forms of predatory MoUusca.
Of such shells as Fusus antiquus, F. gracilis, Buccinum Dalei,

and B. undatum, which are so common in the Eed Crag, no trace

has been found. Turritellce and other shells have been found to

be bored by carnivorous Gastropods, but the abundance of the large

Nassa serrata will account satisfactorily for this circumstance.

We think, however, that this absence indicates the prevalence of

physical conditions in the British area and "Western Europe gene-

rally very different from those now obtaining.

If a comparison be made between the fauna of those few Upper
Tertiary beds which have been noticed in the Channel and the West
of England, and is further carried onward to include the Pliocene

beds of the Cotentin in France, it will be found that the Medi-
terranean element is a conspicuous feature, the whole having a

southern character with a manifest exclusion of E,ed Crag and
strictly boreal shells. The beds of the Cotentin have been worked
by MM. Gustavo DoUfus and Yasseur, and through the kind-

ness of the former gentleman we have received a more complete

list of the fossils of that region than is usually obtainable ; and
though they appear to us to be of an earlier date than the St. Erth

clay (probabl}^ being of Coralline-Crag age), they approximate suffi-

ciently closely to admit of their inclusion in the same statement.

Even in the most recent of the deposits mentioned, viz. that at

Selsey, the Fusi before alluded to are entirely absent, and even in

recent times they are rare at the western end of the Channel.

The Mediterranean aspect of the fauna down the western sea-

board of France in Mio-Pliocene times has long been noticed ; but no
special significance was attached to it in consequence of the

proximity of the Spanish province, which has no really distinctive

fauna, but merely a blending of northern and southern forms, and
during a warmer period the former element might easily have been
excluded by climatal unsuitability.

W^e have shown, however, that the St. Erth deposit was probably

accumulated during the earlier portion of the Red Crag period,

when the premonitory refrigeration of the Glacial epoch had gone

on so far as to permit of a great descent of Boreal or even Arctic

MoUusca ; and in the oldest Red-Crag deposit, that of Walton-on-the-

Naze, 30 species occur which have an exclusively northern range in
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Recent seas. Several of these may be called, prevailing shells, for

example Buccinum Dalei. The absence of such shells in a locality

only 100 miles further south is to us quite inexplicable on any hy-

pothesis which takes the physical features and distribution of land

and water in Western Europe as they now are. Mr. Wood, in his

paper, alluded to the difference observable between the Eastern and
Western Pliocene faunas, and considered that the existence of a land-

barrier which stretched across the eastern end of the English

Channel would explain this, as the communication between the

St. Erth Sea and that portion of the North Sea in which our Crag
beds were deposited would then be round the north of Scotland,

which is 9° of latitude from St. Erth.

This explanation would be satisfactory as accounting for an
absence of southern species in the East Anglian area, which, how-
ever, we do not observe, while it wholly fails to account for the

arrest of the south-westerly migration of shells of northern habitat.

We think that the facts at present before us point to the con-

clusion that, at the period of which we are writing, no channel of

direct communication existed between the North Sea and the

Atlantic Ocean, the Straits of Dover in the south being closed,

while on the north-west the Tertiary Yolcanic chain threw a barrier

across from the north of Scotland to Greenland by way of the Shet-

land and Earoe Islands and Iceland.

The study of the present configuration of the North Atlantic sea-

bottom is strongly confirmatory of this opinion. The 100-fathom
line encloses the Orkneys and Shetlands, while a long submerged
ridge with deep water upon each side extends from the Hebrides to

the Eardes and, as has been so fully explained by the late Dr. Jeffreys,

has had a great influence in preventing the intermingling of the

marine faunas upon each side of it.

The component islets of the Faroe group are separated by deep

narrow straits with very precipitous sides, which might almost be

called fiords, and are clear indications of considerable subsidence.

Erom the Earoes to Iceland an undulating bottom exists, reaching

a depth of 368 fathoms, whence a plunge takes place to 686
fathoms, and within 30 miles recovers to 350 fathoms.

Across the Denmark Straits, between Iceland and Egede's Land
(Eastern Greenland), the depth nowhere reaches 500 fathoms, though
both N. and S. much more profound depths are recorded.

Erom the south-western angle of Iceland a great submarine pro-

montory runs down far into the Atlantic, carrying the 500 and 1000
fathom lines in a great sweep many degrees to the south, and upon
this is situated the spot marked on the old charts as the " Sunken
land of Buss." This region is mentioned by some Venetian navi-

gators of the 14th century, who state that they found there a well-

populated land, which they called West Eriesland. In later records

mention is made of the " Sunken land of Buss ;" and even so late

as 1777, charts indicated the existence of a dangerous shoal in the

vicinity. Sir John Ross sounded over the spot in 1818, but found

no bottom with 180 fathoms of line. To the S.W. of this point, in
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lat. 56 °V N., long. 34° 42' W., H.M.S. ' Valorous ' found a depth of

only 690 fathoms, and 100 miles to the west 1450 fathoms.

Thus it will he seen that a submarine ridge, the crest of which is

nowhere 500 fathoms beneath the surface, extends from Scotland to

Greenland, while deep water occurs on each side. The inequalities

of the bottom we hold to be quite incompatible with the idea of the

permanence of marine conditions over the area from times as remote

as the Miocene period.

Apart from the rather doubtful " Land of Buss," evidence is not
lacking on the coast of Greenland of considerable subsidence during

the historic period ; and this movement may be a continuation of the

great subsidence which depressed the great N.W. barrier.

The former existence of such a barrier has been suggested by
several previous observers, who based their opinions upon widely

different grounds.

The late Prof. Porbes believed that it did not extend to Scotland

during the Crag period, but to Norway ; we think, however, that

the presence of a great number of Arctic forms in the Crags entirely

negatives that supposition.

Prof. Boyd Dawkins has argued in favour of a western closure

of the Korth Sea from the distribution of the Upper Tertiary Mam-
malia.

There are in our list only four shells which offer any obstacle to

the acceptance of the theory which we have put forward.

One of these, Cardium elec/antulum, Mull.,= (7. strigilUferum,

"Wood, is found in the Coralline Crag and the Cotentin Marnes a

Wassa, and its Jcnoivn recent range is strictly northern, the southern-

most extension being to Norway. It must be borne in mind that it

is a very small shell, and that our knowledge of the distribution of

small MoUusca, both recent and fossil, is very imperfect.

Columhella sulcata is only known from the English and Belgian

Pliocenes ; but so many allied species are found in the Italian Ter-

tiaries that it is very questionable if it be not identical with one or

other of the forms described by Bellardi.

Littorina subaperta is a very doubtful species, having a range of

variation which carries it even beyond generic limits.

A much more important argument against our position is fur-

nished by the occurrence of Conovulus ijyramidalis, inasmuch as it

is only found in the East Anglian and Belgian Upper Crags, the

St. Erth Pliocene, and the Wexford gravels and clays (Glacial).

Begarding this shell, it should be noticed that there is a singular

paucity of evidence respecting the marine members of the genus.

The southern connexions of the St. Erth Sea appear to have been

much more direct with the Mediterranean than at present. The
Cotentin deposits, and those on the Loire Inferieure and in the

Bordeaux region, are in obvious relation to the Perpignan beds,

and indicate a gulf extending from the Mediterranean across S.W.
Erance and along the northern side, then cutting off the Einisterre

district, throwing an arm across to the Cotentin, and thence running

in a westerly direction to St. Erth.
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The tract of land between the mouth of the Garonne and Per-

pignan attains a maximum elevation of 600 feet, according to Prof.

Prestwich*, who quotes M. Yirlet d'Aoust, to the effect that Pliocene

beds occur on the ^Xlediterranean slope at an elevation of 540 feet.

Dr. Gwyn Jeffreys remarkedf :

—

" I, however, fully agree ....
that at some former period .... there was an open communication

between the Atlantic and the Mediterranean by which the fauna

became diffused. I should be inclined to place the Atlantic point

of communication at Bordeaux, and that of the Mediterranean at

Narbonne, in the line of the Languedoc Canal, which extends from

one coast to the other, and is very little above the present level of

the sea. This communication must have been very wide, and it re-

mained open during the Glacial epoch, which affected not only the

N. of Europe, but also Naples, Sicily, and probably Rhodes." The
Straits of Gibraltar appear to have been closed during the late

Pliocene times.

Many recondite problems concerning the present and past distri-

bution of life will, we think, be elucidated by the application of

these hypotheses ; and to one or two of these we may perhaps be
permitted to refer, while others must be reserved for consideration

in a future paper.

The speculations of the lateEdward Forbes regarding a former great

western extension of the continent should, we think, be carefully

examined in connexion with the subject of which we are treating

;

but it would be foreign to our present purpose to do more than draw
attention to them and suggest the propriety of such an inquiry.

His (Forbes's) theory was that a continuous or only slightly inter-

rupted land-surface extended from Ireland to Spain in late Tertiary

times, permitting of the free migration of Spanish plants to Ireland,

where about 20 species still survive.

The western shores of this land he placed along the line of the

Sargasso Weed.
Much additional evidence in favour of this view is to be obtained

from the study of the distribution of Recent Mollusca, both marine
and terrestrial, in the Azores, Canaries, and on the western shores of

the Spanish Peninsula.

The position of the beds at St. Erth shows that some considerable

movements have taken place subsequently to their accumulation

;

thus the beds occur at an altitude at least 200 feet above their

original position of deposition, and dip about 5° to the N.jST.W.

The movement which raised them was clearly not one of equal

elevation, otherwise they would have no dip ; so that it seems safe

to assume that it was an undulatory or tilting movement, like in

kind, though in less degree, to that now affecting the Scandinavian

peninsula.

Reversing this movement to restore the beds to their original

position, we should have a broad gulf at St. Erth and to some
distance eastward. The fulcrum would be about 1 mile to the W. ; and

* Quart. Journ. Geol. Soc. vol. xxvii.

t Shetland Keport, Brit. Assoc. 1868.



210 MESSES. P. r. KENDALL AND R. G. EELL ON

1

Figured

in

'

Brocchi,'

tav.

16.

fig.

3.

Fusus

lignarius.

N.

reticosa,

Sow.,

is

the

same

species.

N.

granifera,

Duj.,

in

French

Miocene.

Fossil

in

the

Pliocene

of

Volhynia.

t
1°

f

li

'£VM..\0^
: : : : : ^^ >ic : *

'ipuvi'\oo^ : : : : : * j-^
J

*

•pn^X§na[ : : : : : * *
i

-h-

oi^UTSiiY :
-^

: : * :
* w 1 *

•nB8n'BJ.I8^Tp8J\[ •*
: ; * :

* * 1 *

,

02

1
1

i

-jo^ pn^ pa^ jaddxi
: : * * ^

: :
*

: : : *

fS
'Stbjq pa^ aGMOrj ;

i
-jf # -se : \

* * : : *

^
>

•Sbjq moq
: : ^ * -^

: : * * : ; *

;i

f4

•snndifuv

msn£ JO anoz : • * * * : :

: * ^ : :

6 '•^^/9 7 JO 9^^0Z e»-. cv. : : :

•n9i:}S9i(j
: : : * : : :

:
: : : :

•A>^I * : : * "5^ * : : * : : ;

•90nBJJ : ^
: : :

i4

1o
o

•A^^i :*:*::: : : ; : :

•Bunoi^ :*::::* :
*

: : ; i

•90Ut;a£ ; *
J
* * 1 ^ ; •jfr

: : : *

•uraiSpa;

Species

found

AT

St.

Erth.

Murex,

sp

Fusus

corneus,

L

Columbella

sulcata.

Sow

Nassa

serrata,

Brocchi

granulata.

Sow

recticostata,

Bellardi

mutabilis,

X

,

var.

St.

Erthensis.

solida,

S.

V.

Wood

1

1
Pleurotoma

costata,

D.

C.

brachystoma,

Phil

costato-striata,

S.

V.

W.

...

Defrancia

linearis,

Mont



THE TLIOCENE BEDS OF ST. ERTH. 211

S S 5^

2 ^ma . 02 S

'o tj^ j:: a,

^ Ertli

1

the Sou
[at

CO —'•'-' s

<3

^ &!
«i

-5 S

1i C
^, £ <a

i
-^^

11
^ (P 03

1/2 ^P ^

i> Ti

lA ^1
j» §S =^

o ^§•2 S
>» ^" 2 i

t- tH ~
<B

c ^-..^-^ o
?. t^'^^ c
2 l^f.- rr*

-^

O' •:: c«H-, © <J
-t>

«|
erhaps

comni

ariety

i

C3

tL( ^O?^ M

* -x- * * * * * • ^ * *

O

* -X- * -Jf

Is

I*!
t:

a^^

2Q

1 bo

Pr=

A

Hi
(DO)

Stj
I

®
1-3 CO

•^

•1^:

2Q2 .Cq ^^^ ^

w ?; 2 : S*:^ ^'

S t'^'d 3 f= ^ "-^

'^l -
I I I IqWh Mil

-S s rt » "^

"Si) 32
I I I

P^ O I

a.j.u. 8. No. im.



212 MESSES. P. r. KENDALL AND E. G. BELL ON

,.

^
PQ

rt
c*

&fi

r^
^
ca

<»
Q

^ ^
i ^ ^
S

'£t3M..\0}^ 3«- * * -Sf
J

-Jf ^ *

•puB|:joog * * * * • * -Sf
:

4f-

5
>
^5

•put3i§na[ 3f }«•*•?{•* j * * *

•oumji^Y * ^ -se- * * ; ^ * #

• a^au-Bj.ia:jip8j\[ •3f * • • -Sf
J

-X * *

IB •S'KJQ tJOTAV

< -jojji puB pay; Jaddfi •

Q
a
03 §Baj3 pa^ aaAvoi^ :*:::: * * x-

^ •Scao -joo * * *
1 j ; * *

:
*

'sntibiptv

H
^ Id

snan^ jo auog

•^0^ 7 JO 9U0Z :::::: ^
!

o

P4

W •uaic^saiQ; :::::: : *

•^1^11 **:**; * * *
:

*

•eou'BJj :::::: : : * : !

H
•A^4I :::::; : i

*
i

*

g
•BHuat^ :*::*: : :

* *

S
•aouB.iJ • *•••• * * * K-

§
•uini^pg;

\

\ \ \ \ \ \ \ \ \ \ \ \

i i ; i ; i i i :

s

:::::: •
:

^
-J : i : : ! i^ '

• S
!5 1^ :

*:

i i -l;^ -S ^ m ^
i^l

S l2 ts • • • "S ^ s

tl€-i1|i|il

^ 1

'B d

QQ

1

t

11 .2
rd d 'ilS

s 00



THE PLIOCENE BEDS OF ST. ERTF. 213

O
a §

o «i

.CO C "5

O C G
55

© ©
V s s^ be bD

* * * * * * •x- *
:
* * * * *

:
X- -x- X- X- * * :

•3t * x- * * * *
i
* * * * * :

•X- * * X- * * * *

* * * * * Jf * *
:
* * * * * • * * •X- X- * •X- * *

'X- 'X- * * * * ^ * * • * •X- * X- X- * 1 * -x- * * * X- *

* * # * * * * * : * * * * * * : 'X- * * * * X-
:
*

* * * * *

* * * -x- * : * * • * * * * * • -x- -x-

* * *• * •X- • * •

X- * * * * *

* X- -x- X- * *

S o 2 .2

^ OPh

c r

P S

B t K

5c.

5

?r «-

.E P^"^ <^

:^

•-- ea t- w

S S fi c:

I

3 00

.^5

5 « =

o S "^

a> :h cj

^.2

g2



214 MESSRS. P. F. KENDALL AND R. G. BELL ON

assuming the area affected to have extended 50 miles in a westerly

direction, we should have the whole of the " Lyonesse " ahove sea-

level, while if carried still further all the sea-bed between there

and Ireland would be laid dry.

We trust that these views will not be looked upon as too specu-

lative. Probably the further investigation into the St. Erth deposit

which we desire to pursue may provide us with more direct evidence,

both physical and palseontological, regarding the peculiar deposit

which we have brought again under the notice of the Society.

Appendix.

On the Sjjonye-sjncules from the Deposits of St. Erth.

By Dr. G. J. Hinde, F.G.S.

The spicules occurring in the material are exclusively those of

Calcisponges, and they are completely detached from each other and
dispersed amongst the debris. They are all more or less imperfect,

having portions of one or more of the rays broken or worn away

;

and their surfaces in some cases show marks of erosion, but in other

instances they are as smooth as in recent spicules, and present an
equally glistening aspect under the microscope. Between crossed

nicols they exhibit the same chromatic effects as the spicules of

recent Calcisponges. In a few instances also axial canals of very

slender proportions can be detected. The spicules consist of slightly

curved acerates and three-rayed forms ; the rays of these latter are

straight or slightly curved, either subequal, or with two rays equal

and the third longer or shorter than the others (sagittate, Hackel).

There are also four-rayed spicules, the fourth, or apical ray as it is

termed, being apparently shorter than the others. On account of their

fragmentary condition, it is somewhat difficult to determine their

original dimensions with any exactness and, consequently, to refer

them to known species. * The acerate spicules are portions of large

forms; the longest fragment is 1*13 millim. in length by '066

millim. in thickness. In the smallest three-rayed spicules met with
the rays are -12 by '02 millim. ; but the rays of the majority of the

three- and four-rayed forms vary from "3 to '5 millim. in length

and from '016 to -083 millim. in thickness. In one or two excep-

tional forms the rays have a maximum length of -7 and a thickness

of •! millim.

These spicules probably all belong to different species of the group
of Leucones, Hackel. Some correspond in form and size with those

of Leuconia Johnstonii, Carter, and others with Leucandra caminus,

Hackel, whilst one or two differ slightly from those of any recent

species with which I am at present acquainted. The former of

these two species now exists on the coasts of Ireland, Yorkshire,

Devonshire, Guernsey, and Sark, and the latter on the coasts of

Devon, Norway, Portugal, the West Indies, and Labrador.

The occurrence of spicules of Calcisponges so abundantly in this

deposit tends to negative the opinion, expressed more especially by
Mr. Carter, that the spicules of these sponges are too unstable to be

preserved in the fossil state.
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DlSCtTSSION".

The Peesident said that no discovery which had heen made of late

years had proved so interesting as that at 8t, Erth. It was cause

for congratulation that the work begun by Mr. S. V. AVood and Dr.

Gwyn Jeffreys had been taken up by such competent investigators

as the authors of the paper.

Dr. AYooDWARD regretted the absence of Mr. Bell. He had come
to the conclusion also that these fossils resembled Subapennine

forms. The Poraminifera had been recognized by Prof. Rupert Jones

as Mediterranean in their character.

Mr, Ussher noticed the similarity of beds seen in sections on the

flanks of Bt. Agnes Beacon to those at St. Erth. When he examined
these beds no fossils had been found, and he would much like to

know if further search had been made. He inquired what was the

position of the St.-Erth deposits, as the presence of a "head"
showed the probable existence of high ground, as at St. Agnes, talus

from which had protected soft beds:

Mr. Mare said Mr. Keeping had made a good collection from

this locality. He further remarked that it is impossible to argue as

to the occurrence in Pliocene times of a barrier over what is now
the south of England by an appeal to present physical conditions,

although the authors had successfully done this by fossil evidence.

Mr. Collins inquired why the "head" should be called a glacial

deposit. He had never found scratched stones in it or any fragments

of rock transported from a distance.

Dr. HiNDE said that the detached spicules were those of Calci-

sponges, until recently suj^posed to be unpreservable in the fossil

state. It was difficult to determine species from them ; but, so far

as he could make out, they belonged to species which are now found

on the coasts of the Channel Islands.

Prof. Boyd Dawkins said he agreed with the conclusions gene-

rally. The existence of a barrier across the Atlantic in Eocene and
Miocene times was, as he had pointed out in ' Early Man,' proved by
the distribution of plants and animals. At the close of the Miocene
age a great geographical change took place, and it was interesting to

find evidence that this barrier was not broken through. A connexion

with the Mediterranean across France was also very probable.

Mr. Etheridge said he had seen a part of Mr. Kendall's paper

and thought his arguments feasible.

Mr. Kendall, in reply, said he had been unable to examine the

beds at St. Agnes, but hoped to do so. The configuration of the

country is that behind the vicarage there rises a considerable eleva-

tion—St. Erth's Hill—whence the " head " may have been derived.

It was Mr. S. V. Wood who identified this head with his " warp."

He had introduced the question of the mode of upheaval of the beds

merely as bearing upon the interesting speculations of E. Forbes
relating to the western extension of the continent to the Azores, which
was, he remarked, supported by the evidence of the land and littoral

fauna. He added some evidence of Foraminifera.
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17. The Melbouen Eock and the Zone of Belemnitella plena

from Cambeidge to the Chilteen Hills. By "W. Hill, Esq.,

E.G.S., and A. J. Jukes-Beowne, Esq., E.G.S. (Eead February

10, 1886.)

§ 1. Inteodfctoey.

The Melbourn Eock was described by one of us in 1880 * as a band
of rocky cbalk occurring in Cambridgesbire at a distance of about

80 feet above the Totternhoe Stone, and forming tbe base of a

middle division of the chalk. Since then the outcrop of this rock

has been traced south-westward through the counties of Hertford,

Eig. 1.

—

Diagram showing the usual outline of the face of an exposure

ivhere the Melbourn Hock and Zone of Belemnitella plena, are

seen. (Scale ^ in. to 1 ft.)

Upper yellowish bed of
Melbourn Eock

Lower whitish hard no- O '^_,-'^'' r
.' y^-'-

-^'J^j
dular bed of Melbourn < ~>-'T* p'^'i'-' v* ^/

Upper Marly Eed

Zone of
I

Belemnitellai Hard White Bed
plena.

Lower Marly Bed

Lower Chalk

* Geol. Mag. dec. ii. vol. vii, p. 248 ; and "-Geology of Oambridge," Mem.
Geol. Survey, p. 65.

i
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Bedford, Buckingliam, and Oxford, and has been found to be

remarkably constant in its character and behaviour. It is generally

found at the top of a well-marked feature or slope, and where it

recedes into coombes, these are generally steep-sided ; at the head of

such valleys there are frequently powerful springs, which are thrown
out by the marly beds at the base of the rock, so that it is of practical

importance as a water-bearing stratum.

While one of us has been engaged in drawing this line of outcrop

for the Geological Survey and in noting the exposures along its

course, the other has carefully compared these sections, as they were
discovered, with those previously described in Cambridgeshire, has

collected such fossils as were to be found, and has cut and examined
under the microscope numerous slices from the different beds of

rock and from the chalk below aud above. In the present commu-
nication, therefore, we propose to offer the results of our combined

observations on this rocky band and the beds associated with it ; and
for permission to make use of the information gained during the

official survey of the country, we have to thank the Director-

General.

In the first place we have to announce that we recognize a zone

of Belemnitella jpJena separate and distinct from the mass of the

Melbourn Eock, and that consequently it becomes necessary to make
some modification in the definition originally given of that rock.

The Melbourn Rock was described as consisting of several courses

of hard, yellowish, rocky chalk, separated by layers of greyish lami-

nated marl or shaly chalk, one of these marly bands always occurring

at its base. It was observed that this basement marl sometimes
contained rolled specimens of Belemnitella plena, as well as other

fossils, but that otherwise the zone of Belemnitella plena appeared

to be absent in Cambridgeshire, unless it was represented by the

very uppermost portion of the underlying chalk. The facts, how-
ever, seemed to indicate that Dr. Barrels was right in regarding this

marly band as a remanie bed, i. e. that the chalk of the Bel. plena
zone had been destroyed and sifted by current-action, and that this

marl was composed of its rearranged particles and contents. As
there were in Cambridgeshire two principal layers of marl separated

by a rocky band similar to the rock-beds above, the whole set of

beds was regarded as forming one horizon and placed at the base of

the Middle Chalk. This view was supported by the fact that the

horizon coincided with a palaeontological break, the assemblage of

fossils found in the Middle Chalk above being very different from
that in the Lower Chalk.

Our recent researches have, however, disclosed three important
facts, which modify the view above given, though they by no means
invalidate the conclusion that the rock is at the base of the Middle
Chalk, and that it marks the incoming of a new fauna. The facts

are :—(1) that the lower marl does, in many places, contain perfect

and well-preserved specimens of Belemnitella plena; (2) that the
uppermost bed of the chalk on which it rests also contains that

fossil
; (3) that the rock between the two marly layers is a variable
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stratum, sometimes thinniag out and sometimes passing into a pecu-

liar marbled nodular rock. It appears therefore that the Melbourn
Eock (as originally described) falls naturally into two portions—

a

marly belt at the base and a belt of rocky beds above ; further that

the marls were formed during the prevalence of Belemnitella ]plena,

and not after its extinction.

We think, therefore, that these marls should be separated from
the Melbourn Rock and regarded as representing the uppermost part

of the zone of Belemnitella plena. We shall state our reasons for

believing that these marls rest on a ver}'- uneven surface of the

underlying chalk, and that the greater portion of the zone to which
they belong is absent in this part of England. It is possible, how-
ever, that a part of the chalk hitherto referred to the Holaster-

subc/lohosiis zone really belongs to that of Bel. plena.

It follows from this recognition that the name " Melbourn Eock "

must be restricted to the rocky beds which lie above the marly belt

and which graduate into the zone of Rliynchonella Cuvieri (zone of

Inoceramus lahiatus, Barrois). These prove to be thicker than was
formerly supposed, and where complete sections are found, as at

Ashwell and Hitchin, they are from 8 to 10 feet thick ; but the

upward passage is so gradual that no hard-and-fast line can be

drawn. They are simply rock-beds at the base of the lowest zone

of the Middle Chalk ; but from their hardness they form a conspicuous

feature in all quarries and exposures (fig. 1), and were on this

account noticed by Mr. Whitaker in Eucks as long ago as 1865*.

Our recent work therefore leaves the Melbourn Eock where it was
formerly placed, namely at the base of the Middle Chalk, but a

portion of what was formerly included in it is now cut off and

relegated to the Lower Chalk.

§ 2. General Desceiption (fig. 2).

For the purposes of general description it will be convenient to

take the base of the Melbourn Eock as a datum-line ; because this

horizon is always readily discernible in consequence of the rock

resting on a band of marl, and because the beds above always exhibit

the same general succession, while the beds below appear to differ

in different sections and do not present a constant succession.

First, therefore, to describe the Melbourn Eock : its lowest bed is

a hard nodular mass from 3 to 4 feet thick, consisting of small,

hard, white nodules set in a matrix of greenish-grey chalk, the

nodules varying from the size of a pea to that of a small potato.

The overlying beds have generally a yellowish tinge, and the nodules

in them are arranged in layers at distances of from 6 to 18 inches

apart, only a few nodules being scattered through the mass ; there

are two or three such beds with a total thickness of from 5 to 6 feet.

There are occasionally partings of marl between the rocky beds, and
these also contain small hard nodules. At a height of 9 or 10 feet

from the base there is sometimes a band of hard smooth rock with-

* Quart. Journ. Geol. Soc. vol. xxi. p. 398.
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out nodules, but nodules occur again in higher beds and have been
detected at Hitchin 25 feet from the base of the rook.

Fig. 2.

—

Diagram sJioiuinr/ the usual order of succession of the Beds of
the Melhourn Rock and the Zone of Belemnitella plena. (Scale

-rV
in. to 1 ft.)

Zone o( Rhynehonelln Curieri...
^

Melbourn Eock

Zone of Belemnitella plena

Lower Chalk, zone of Holasfer
suhglobosiis

Hard rocky yellowish chalk ; less

nodular than that b«"low ; fre-

quently with marly partings.

Hard rocky whitish nodular
chalk.

Shaly or marly chalk.

Hard white rock, occasionally

replaced by the marbled rock.

Greenish-grey marly band pass-

ing into the chalk beneath.

White toughish chalk.

Returning now to the base of the Melbourn Eock, we find it

everj^wbere resting on a baud of shaly marl, which is from 3 to 5

feet thick and usually encloses a layer of hard white chalk The
laminated mail or shale is of a greyish-buff colour, harsh and gritty

to the touch, and is generally divided into two layers or bands by
the hard white chalk above mentioned. This chalk splits with a

smooth even fracture, and thus differs from the rough nodular'chalk

of the Melbourn Eock ; occasionally, however, it appears to be

replaced by a very curious bed, which, when broken, presents a

mottled or brecciated appearance, consisting partly of greyish and
partly of white chalk. This bed we have termed the " ^[arbled

Eock," and it closely resembles the bed which was found at a depth

of 704 feet in the Eichmond boring and described by Prof. Judd as

" brecciated chalk "*.

The shaly marl below this marbled rock, or the white rock which

Qi
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more usually occurs, is variable in its thickness ; moreover we find

that it sometimes passesdown into grey marly chalk, which graduates

into the mass of the Lower Chalk, and sometimes it rests on a well-

marked and uneven surface of tough dull white chalk, which exhibits

rather different microscopical characters from that which elsewhere

underlies the shaly marls. This discrepancy was for a long time a

puzzle to us, but we now believe that it is due to the action of con-

temporaneous erosion on a much larger scale than has ever been

previously suspected to occur in the chalk.

§ 3. Desceiption of Sections.

Commencing at Shelford, near Cambridge, the following are the

principal exposures of the zone of BelemniteUa plena and the

Melbourn Eock, as its outcrop is followed south-westward.

At Shelford, in the pit on Steeple Hill, the section seen is :

—

ft.

Grravel 1

Much broken rubbly chalk 3

^j- ,,
C
Thin-bedded yellowish-white chalk 2

Melbourn i ^^^^ whitish nodular chalk with wide vertical
KOCK. • J i. A

[
joints 4

^ Grey laminated marly chalk 1

„ e
I

Hard white chalk, rocky but with smooth

Bl^\^ -( fracture H
' -^ ' Softish laminated chalk 1

1^ Blocky white chalk 3

The whole of this exposure is weathered, and the character of the

upper portion of the Melbourn Eock not well shown.

At Maggot's Mount, in a pit west of the Obelisk at Harston, there

is seen :

—

ft.

Soil 1

Much broken thin-bedded chalk 1

1

Melbourn f Yellowish chalk with few nodules 3
E-ock. \ Hard whitish nodular rock 3

1

Greyish chalk with thin shaly bands in upper
portion 2

Hard white smooth chalk 2
Laminated marly chalk 1

On the northern side of the pit the grey marly chalk at the base

is seen to be two feet in thickness, and its passage into tlie white or

lower chalk is not so abrupt as is usually the case.

A pit on Eoston Hill gives the following section :

—

ft.

Soil and much broken chalk 2
Bedded white chalk, with nodules 4

( Yellowish chalk, thin-bedded, with thin part-

Melboum 1 ings of greyish marly chalk containing no-

Eock. 1 dules 4

[ Hard white chalk breaking with rough fracture 3
Zone Bel. jplena. Buff-coloured marly chalk 2 shown.

The chalk here has not been worked for some time, and the upper
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portion of the face of the exposure is seen weathering into nodular

lumps.

At the Melbourn lime-kiln pit the section exposed is :

—

ft.

Top soil, rubble and much broken chalk 8
Bedded white chalk 4

Melbourn / Thin-bedded yellowish chalk, rather hard 4
Rock. I Hard rou^h nodular chalk 3^

/^Sof't laminated marly bands enclosing harder

Zone of I

greyish marly chalk 1

Bel vlena 1 ^^'^y marly chalk 2
-^ "I Hard white rocky chalk with smooth fracture

.

2
\^Grey marly chalk 1|-

White chalk 2

At the northern end of this pit the hard white chalk near the base

is seen passing into a nodular band, the Marbled Rock. Unfor-

tunately a heap of rubbish hides all but a small portion of it.

There is a second pit at Melbourn, and although only a quarter

of a mile distant from the preceding exposure, there is some dif-

ference in the beds.

ft.

Soil and rubbly chalk 3

Rock [
Hard whitish nodular chalk 3

y p r Yellowish laminated marl 1

Bel^vlma j
Hard rocky white chalk 1^

'^
' 1 Soft grey marl 2^0!

White chalk 2

The lower marl band is variable in thickness, at some places just

traceable, at others a foot thick.

The next exposure of importance to the westward is a pit by the

roadside a mile N.W. of lioyston, in which the section shown is :

—

ft.

Soil and chalk rubble 3
Whitish thin-bedded chalk 3

TIT lu I
Yellowish rather nodular chalk with thin marly

Melbourn j ^. i„:„:: ,i..i„_

Kock.

Zone of

Bel. plena.

partings containing nodules 3^
Hard rocky whitish chalk 3^

^Thin bands of buff-coloured marl enclosing

lenticular beds of harder and whitish marly
chalk .- 2

Hard marbled rock 1

^ Grey marly «halk , 2^0!
White chalk 6

It may be noted here that the hard smooth white chalk bed in

the zone of Belemnitella plena is absent, and in its place is a greyish

band containing many nodules of whiter material. Towards the

northern end of the exposure this band becomes rather thicker, and
the whiter material predominates. The band of marly chalk at the

base is also more distinctly marked. This band also contains at its

base many pieces of white chalk, giving it in some places a mottled

appearance.

At Litlington a good exposure is seen about half a mile S.S.E. of



222 MESSES. W. HILL AND A. J. JUKES-BROWNE ON

Rock.

Zone of

the village. There are two faces to the pit here, the chalk being
worked so that the sides of the pit represent roughly two sides of

a triangle the apex of which points N.K.E.
On the easterly side the section seen is :

—

ft.

Soil and chalk rubble 5

Mplbon 'n f
Thin-bedded rather nodular yellowish chalk

with thin marly partings 6
Hard whitish nodular rocky chalk 44
^Thin-bedded grey marly chalk with laminated

marly base 2
Hard greyish chalk with nodules (marbled

rock) 1

BeCplma. < Gi-reyish marly chalk 2
^ passing into

White hardish chalk 6
Hard gritty chalk with a few green-coated

^^ nodules 1

As at Royston, the hard white rock is absent in the zone of Belem-
nitella plena, a nodular band being in its place. This nodule-bed

thins out towards the apex of the triangle, and on the more northerly

face the section is :

—

ft.

Soil and rubble 5
Melbourn f Thin-bedded yellowish chalk 6

Eock. \ Hard rocky chalk 4f

y n ( Grrey marly chalk, with harder central band

n J J \ of whitish chalk
;
passing into hardish

net. plena,
y ^^^^^ ^^^^^^ ^^^ ^^^ \iQiov^) 5

Fossils, includingthe typicalBelemnites, are abundant in the nodular

bed in the zone of BeUmnitella plena. Six feet below the marly
band, which passes gradually into white chalk, there is a thin hard

gritty bed with green grains and a few green-coated brown nodules.

This bed is in man 3^ respects similar to the hard beds which attain

a greater development and importance further to the south-westward.

A good exposure of the Melbourn Eock and the underlying zone

of Belemnitella plena is to be seen at Ashwell, in the more easterly

of two pits, in which chalk is dug for lime-burning. The section

is :

—

ft.

Soil and rubble 2
Rather hard whitish chalk 6

f Massive bedded creamy white chalk 2>^

Melbourn
J

passing into yellower thin-bedded chalk with

Rock.
I

few nodules 2
Hard creamy white nodular rock 3^
Grrey chalk passing up into laminated marl

Zone of J or shale 2
Bel. plena. 1 Hard white chalk 1

[ Marly greenish-grey chalk 1^
Rather rough white chalk.

In a cutting of the Great Northern Eailway at Cadwell, two miles

north of Hitchin Station, the following section was seen :

—

r
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ft.

Soil and rubble chalk 4

I Hard nodular whitish cbalk 8

I

Grey marly chalk 2^ to 3

Zone of J
Hard greyish chalk with whiter nodules (Mar-

Bel. plena. I bled Rock) 1

^^ Greenish-grey marly chalk 1

White chalk '6

A nodulc-bed agaiu occurs here in the place of the hard white

chalk in the zone of Belemnitella i^leaa. In it fossils are abundant,

Terehratula semiglobosa, Terehratida hiplicata, WiyncJionella plicatilis,

Ostrea vesicularis, and Belemnitella plena being so thickly packed
together as frequently to touch each other, but scarcely any perfect.

In the cutting of the Great i^orthern Hailway just south of Hitchiu

Station a good section is seen of the chalk immediately overlying

the Melbourn Hock. Only the upper portion of the Rock is now
exposed.

ft.

Soil and chalk rubble 5
/ Whitish rather hard chalk full of fragments of

„ ,.
I

Inoceramics {Inoceramus mytiloides'i) 20

Tih C r
"^ Hard whitish chalk, nodular, matrix parting

I

the nodules veined or streaked w^ith greenish

I gi-ey 20

Rock [
Very hard yellowish I'ock 4 to 6

The workmen who dig the chalk for lime-burning at the works
close to the station have frequently passed through the whole series

of beds which form the rock, and the underlying zone of Belemnitella

plena. The yellow aiid upper portion of the Melbourn Rock is

known to the men by the name of " smooth hard " chalk, while the
whiter and more nodular chalk at the ba?e is known as " curly hard."

Although the Melbourn liock is seen at many places along its

outcrop, there is no exposure in which both it and the zone of Be-
lemnitella plena can be seen for nine miles.

Two miles N. of Luton, on the Leagrave Road, are some lime-works
where the following section occurs :

—
ft.

Soil i

Rubbly thin-bedded chalk 3

Rock I

-^^^'^ nodular creamy-white chalk 7

I
Buif-coloured shaly marl 1

I

Hard white chalk much broken into angular
Zone of \ lumps 11

Bel. plena. \ A thin layer of greyish shaly marl _1

\^
Dark grey marly chalk 2i
White toughish chalk dug to 15"

Two and a half miles N.E of Tring, and near Pitstone, the
following section is to be seen :

—
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ft.

Soil 1

Broken rubbly chalk with Inoceramus mytiloides

and Ehyncho7iella Cuvieri 5
,, 1, ( Very hard yellowish chalk containing a few
Melbourn

j whitish nodules 6
°^ '

[ Hard, creamy white, rocky, nodular chalk 3
f Buff-coloured shaly marl 1

Zone of J Hard white chalk with smooth fracture 1

Bel. plena. 1 Grey marly chalk, passing into 1

[^Whiter rather tough chalk 3

Our last section is at Chalkshire, a hamlet nearly two miles W. of

Wendover. Here the following beds are seen :

—

Pig. 3.

—

Diagram showing the order of succession of the Beds of the

Melhourn BocJc and the Zone o/Belemnitella plena at ChaJJcshire.

(Scale y\5 in. to 1 ft.)

Zone oi Mhynchonella Cuvieri...

Melbourn Eock

Zone oi Belenuiitella plena

Lower chalk-zone of Holaster
subglohosus

Eubbly chalk and top soil.

Hard yellowish rocky chalk,
with nodules ; marly partings.

Hard whitish rocky nodular
chalk.

Hard smooth white rock, en-
closed in marly beds.

\ Marbled marl ; at this exposure
-' exceptionally hard and rocky.

) White chalk, rather hard.

I Grey-coloured chalk.

Gritty bed, with green-coated
odules.

> Grey-coloured lower chalk.
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ft. in.

Soil and broken ciialk 2
Marlv chalk with some nodules enclosing a
band of hard white smooth rock 1 6

/'Hard yellowish rock with rough fracture 2
Laminated marly chalk, greenish grey with

Melbourn J
small nodules 3

Rock.
I
Hard compact yellowish rock 1

I

Laminated marly chalk 3

l^ Hard rock with nodules in three massive beds. 5
„

f f
^oft grey marly chalk enclosing a lenticular

Zone ot
I ^^^^^^ ^^ j^.^ j.^^ ^^j^ -^^ pj^^^^j. 2^ to 4

HeL plena.
1^ jia^a grey-and-white mottled chalk 2

„ f { passing down into smooth, hard, white
Zoneot

I chalk, greyer near the base 14

Hard grey sandy chalk with green-coated

nodules and green grains 2 6

Holaster

subglobosus

§ 4. RELATIO^fS BETWEEN THE BeLEM^'ITE-MaRLS AND THE ChALK
BELOW.

The difference in the nature of the chalk below the Belemnite-marls

in different places led ns to examine the upper part of the Lower Chalk

more closely, and we found that a certain portion of it exhibited dif-

ferent characters from the rest, both in general external appearance

and in microscopical structure. At Cherry Hinton, near Cambridge,

the chalk between the Totternhoe Stone and the Belemnite-marls is

about 80 feet thick ; the lower part of this is ordinary grey chalk,

but about bb feet from the base of the marls the rock becomes

w'hiter and harder, breaking with a smooth clean fracture ; this firm

white chalk continues for some 15 feet and then passes up into softer

and more marly chalk, which, however, is still much whiter than

that at the base of the zone. The harder white chalk is found by-

microscopical examination to contain a much larger number of the

small round spherical bodies usually regarded as separate Globige-

rina-cells, than the softer chalk above, while in the grey chalk below

there are very few indeed.

Similar firm white chalk is found at all exposures below the

Belemnite-marls ; at AshwcU and Hitchin, however, there is much
less of it than near Cambridge, its thickness at these places being

only from 20 to 25 feet ; but the change from grey to white is so

abrupt that a hand-specimen will show the two kinds of chalk.

At Totternhoe the section is somewhat anomalous ; for the Tot-

ternhoe Stone here is overlain by a band of very light-coloured chalk,

8 or 10 feet thick ; this is succeeded by nearly 30 feet of the usual

grey-coloured chalk, which passes abruptly into whiter chalk above
;

of the last some 20 feet are shown, and there may be 15 or 20 feet

more below the Melbourn llock which caps the hill. Here there-

fore the upper white chalk must be more than 30 feet thick, and
perhaps 40. Fj-om this place, however, it seems again to diminish

in thickness : in the railway-cutting at Tring there appears to be

only 18 feet, and at Chalkshire, near AVendover, there is not more
than 10 (fig. 3); but this 10 feet consists of very firm white chalk,
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which exhibits in a marked degree the characters possessed by the

lowest white beds at Cherry Hinton ; and it was, in fact, from

finding the marls resting on this peculiar kind of chalk here that we
were led to look for it elsewhere.

It appears therefore that the zone of Holaster sulglohosus is

divisible into two portions, a grey and a white, and that the thick-

ness of the lower grey part does not vary so much as the thickness

of the upper ; for, if measured from the base of the Totternhoe Stone,

the grey-coloured chalk varies only from 32 to 45 feet, while the

npper white chalk varies from 55 to 10 ; and we think that this great

variation is ^Dartly due to the destruction of its uppermost beds by
erosion at the time when the overlying marls were being formed.

Two other points in the Chalkshire section are worthy of note;

one is that the topmost foot or so of the firm white chalk exhibits a

marbled appearance, and includes pipes and patches of grey chalk or

marl resembling the material composing the overlying marls. It is,

moreover, harder than the chalk beloAv, and contained a specimen of

Belemnitella plena and many minute fish-teeth ; its upper surface is

uneven, and the overlying marl or shale is thicker in some places

than in others, as if lying in hollows. It would appear therefore

that this white chalk has suftered erosion, ana that when the marl

was being deposited on its surface some of this marl was mixed with

and piped into its topmost bed, and we think it possible that the

Belemnite may have been subsequently^ introduced together with the

grey material.

Another remarkable bed occurs below the white chalk at Chalk-

shire (tig. 3), and at a depth of 16 feet below the Belemnite-marls.

This is a bed of hard greyish chalk about two feet thick, somewhat

gritty or sandy, with scattered green grains and large nodules of

hard yellowish chalk, together with many smaller nodules, green-

coatei, and probably containing some phosphate of lime : these

nodules resemble those found at the base of the Totternhoe Stone,

and are stiU more like those which occur in the Chalk Rock
;
young

oysters (0. vesicularis) are often attached to their surface, and, when
broken, their outer portion is seen to be pierced by tubular holes

which are filled with greyish chalk.

The fossil contents of this bed are not many, the following only

having yet been obtained, but minute fish-teeth are abundant in

it :—
Ostrea vesicularis, var. Baylei.

Rhynchonella, sp.

Terebratula semiglobosa.

Inoceraraus, sp.

Fish-teeib.

This bed does not occur at Cherry Hinton or in the Grove Mill

pit near Hitchin, but we have found its exact counterpart in a pit at

Ivinghoe near Tring, here there is a bed about 2 feet thick of hard,

grey, sandy chalk with green grains, fish-teeth, and green-coated

nodules ; it is locally called " rag " and rests on blocky marly grey

chalkj while above it are two feet of yellowish flaggy chalk, rather
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like lithographic stone, which passes up into firm whitish chalk.

We should have no doubt that this was the same horizon, were it not

that it is apparently, by level, only 15 or 20 feet above the outcrop

of the Totternhoe Stone, whereas that at Ghalkshire is about 40 feet.

Moreover the distance between the Ivinghoe bed and the Melbouru
Rock is 70 or 80 feet, so that either the zone of Holaster suhglohosus

is here unusually thick, or else part of it is repeated by a fault

:

probably the latter is the real explanation.

In the cutting of the London and North-Western Railway near
Tring there is a similar bed of grey sandy rag, but it only contains

a few brownish phosphate nodules, and appears to lie about midway
between the Melbourn Rock and the Totternhoe Stone, which crops

out at the north end of the cutting.

Some eight miles further north, in a pit halfway between
Leagrave and Sundon, a similar bed is exposed, which, as at

Ghalkshire, appears to be much nearer the base of the Melbourn Rock
than the top of the Totternhoe Stone. Here the section is as

foUows :

—

ft.

Rather hard whitish chalk, weathered 2
Hard yellowish flaggy chalk with a few nodules and fossils... 2\
Hard, grey, sandy " rag " with green grains and many large

yellowish nodules 1

Tough marly grey chalk, seen for 1

As it is impossible to trace these nodule-beds through the country

between these sections, we cannot say whether they are all on the

same horizon, but they agree in having marly grey chalk below
them and firm white chalk above them.

The only other places where nodule-beds have been observed in

the chalk below the Belemnite Marls are Litlington and Swafi'ham

Bulbeck in Cambridgeshire ; but at both these localities the layer is

only nine feet below the marl and does not present quite the same
appearances, neither does the chalk above exhibit the same characters,

being softer and passing into marly chalk, which graduates into the

lower band of marl ; this line of nodules seems in fact to lie in the

upper and softer portion of the whiter chalk.

Taking all the facts we have been able to obtain into considera-

tion, we think that there are two nodule-beds in this Lower Chalk,

neither of which is continuous, but one sometimes occurs in the

upper part, and the other in the central part of the zone of Holaster

suhglohosus. Further we think that, in some places, as at Chalkshire,

a considerable portion of this zone has been removed before or

during the deposition of the Belemnite Marls, the amount of chalk

so removed being not less than 20 feet and perhaps more. From
the levels on the six-inch ordnance map, it a])pears that the total

thickness hero from the base of the Totternhoe Stone to the Belem-

nite Marls is less than 60 feet, while at Cherry Hinton there is 90
or 95 feet of chalk; it must be remembered, however, that at

Chalkshire the Totternhoe Stone is only 2 feet thick, while at Cherry

Hinton its thickness is 12 or 15 feet. This erosion was doubtless

Q.J.G.S. No. 166. E
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effected by tlie action of a current whicTi was strong enough to sift

and wash away the finer parts of the chalky sediment, leaving only

the heavier particles to form the laminated marls ; where this ero-

sion was deepest we find the marls resting on the whiter and harder

chalk ; where it was least we find something like a passage from the

higher grey chalk into the marl above. The nodule-bed which is

sometimes found below the white part of the Lower Chalk, seems to

mark a time when nodules, green grains, and fish-teeth were allowed

to accumulate on the sea-bottom, and when very little of the finer

kind of chalky matter was deposited over the area of its occurrence.

§ 5. Minute Stetjctuee of the Beds.

Lower or Grey ChalJc.—Between the Totternhoe Stone and the

Belemnite Marls there exists a thick bed of chalk, which is part of

the so-called Grey Chalk. As above mentioned the material com-
posing the lower part of this zone is of a greyish colour and of a

tough close nature ; but it gradually becomes paler, and at a certain

horizon, the distance of which above the base of the Totternhoe

Stone may be variable, it changes to a white chalk. In thin slices

seen under the microscope the grey-coloured chalk presents a con-

stant character. It consists almost entirely of fine amorphous mate-

rial in which recognizable atoms (probably of shell) may be seen in

varying, but never in great, abundance ; here and there specimens of

Foraminifera may also be found. But about the horizon where the

chalk becomes white, small spherical bodies, usually referred to as the

disunited cells of Globic/erince or other Poraminifera, appear in some
abundance, and the chalk, losing its tough character, becomes more
brittle, and breaks with a smooth, clean fracture. Where this chalk

can be seen in its greatest development (Cherry Hinton) the Glohi-

gerina-Q,Q^B> in about 20 to 25 feet gradually disappear, and the chalk,

though white, assumes something like the tough character noted at

its base. At Cherry Hinton this white chalkextends from 50 to 55 feet

below the Belemnite Marls ; at Ashwell and Hitchin it is not more
than 25 feet thick. At Chalkshire the white chalk is reduced to a

thin bed about 12 feet thick, and this agrees closely with the base of

the ^hite chalk at Cherry Hinton both in structure and character.

Grey-coloured chalk, also agreeing in character and structure with
that at Cherry Hinton, Ashwell, and Hitchin, is seen at Chalkshire

within 13 or 14 feet of the Belemnite Marls.

Tlie Gritty Beds.—The hard nodular gritty beds which appear to

occur at uncertain horizons in the Lower Chalk seem to consist almost

entirely of shell-fragments with scarcely any of the finer material

which constitutes the bulk of most chalk. Scattered through the

m ass may be seen large specimens of several species of Foraminifera,

and many fragments of teeth or bone in which the minute structure

is sometimes shown ; grains of a clear green glauconitic mineral are

also frequent. The brown nodules which occur abundantly in these

beds have in structure the character of the chalk which lies

immediately below them, while the tubular holes by which all are
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pierced are frequently filled up with coarser material which now
surrounds the nodules.

Zone of Belemnitella plena.—In thin slices under the microscope

the marly chalk which always occurs at the base of this zone is

seen to contain a much larger proportion of the coarser shell-

fragments, such as may be seen in the Lower Chalk, and much less

of the finer material, the bulk of the latter having probably been

carried away by current-action.

It may occasionally be noticed that pieces of unaltered white

chalk are included in this marl. These invariably exhibit the same
structure as the Lower Chalk into which the marl graduates. Where
these fragments are numerous (Chalkshire aud Royston) the marl
appears to be mottled white and grey ; this we have called " Mottled

Marl " to distiDguish it from the " Marbled Rock," which to the eye

it much resembles.

Above the marl there is usually a hard white rock. Its micro-

scopical characters are remarkably constant. The spherical bodies

{Globif/erina-GeWs) before mentioned are exceedingly abundant and
form a large proportion of its mass, shell-fragments being com-
paratively rare.

In the descriptions of sections (pp. 221-223) attention was drawn
to the fact that at Royston, Litlington, and Melbourn, aud in a cutting

of the G-.N.R. at Cadwell, near Hitchin, a hard rocky nodular bed is

seen in the place of the hard white smooth rock which is a feature of

this zone in many exposures.

From an examination of this " Marbled Rock " by means of

smoothed hand-specimens, or thin slices seen under the microscope, it

appears to consist of more or less rounded fragments of chalk, from
the size of an egg to that of a pin's head, set in a greyish matrix
composed largely of shell-fragments. There is no difficulty in

recognizing under the microscope that the structure of these frag-

mentary pieces of chalk is exactly similar to that of the hard white

bed. We think it is probable therefore that this bed was once

continuous, but has been broken up ; and portions of it in the form
of lumps or nodules give evidence of its former existence. The
appearance of these fragments does not favour the supposition that

they have travelled far, but rather that while the chalk was only

partly consolidated, it had been subject to the washing of a gentle

current which carried away the finer particles and left only the

Terehratulce and other shells, and such portions of the. chalk as

were able to withstand its action. This idea receives some support

from the fact that at Melbourn, as already noted, the hard white
chalk is seen passing into a nodular band having precisely the same
characters as those under consideration.

Prom the peculiar and marked characters of this "Marbled Rock"
there is but little doubt that this is the same as that met with in

the Richmond well-boring, and described by Prof. Judd in his paper

read before this Society on " The Nature and Relations of the Jurassic

Deposits which underlie London.*' Indeed, the characters displayed

in some fragments from Richmond which Prof. Judd was kind

b2
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enough to send for examination were identical with those of specimens

from these heds.

Melhourn Rock.—In smoothed hand-specimens from the lower

portions of the Melhourn Eock the chalk frequently appears marbled
rather than nodular, hut clearly defined nodules are readily found.

They are of a size from that of a pea to that of a small potato, and
are set in a matrix of greenish grey material, the colour of which
may he due in some measure to its decomposition ; for in weathered
specimens the greenish colour is more marked than in freshly dug ones.

Seen in thin sections under the microscope, the matrix is found to

consist of the heavier part of such material as the nodules themselves

are composed of. That is to say, recognizable atoms of shell, Eora-
minifera, &c., such as are seen in the nodules themselves are to be
found in greater abundance in the matrix which contains them.

In the upper and more yellow chalk of the Melhourn Eock the

nodules are usually well defined, but are sparingly distributed

through the general mass of the rock. In character they agree

with the surrounding matrix, in which, as before, the heavier

portions seen in the nodule are to be found in greater abundance.

It may be noted that the harder the chalk is, the coarser and more
abundant are the shell-fragments.

It may also be noticed that the atoms of shell &c. are sometimes

arranged around the nodule in a manner which suggests either the

gradual sinking of the nodule into the soft mud, or that the atoms

of shell were deflected from their course by the nodule, while

travelling over the sea-bed under the action of a current. That
the nodules existed as nodules on the sea-bed is, we think, shown by
the fact that small oysters are occasionally found adhering to them.

Above the yellowish chalk the nodules are hardly to be distin-

guished from the matrix which surrounds them, and they appear to

become gradually lost in the zone of Bliynchonella Cuvieri. At
Hitchin Station, however, nodules may be traced at least 25 feet

above the base of the rock.

Fragments of chalk from the Richmond well-boring, from a depth

of 692 to 702 feet which Prof. Judd kindly sent for comparison,

agree fairly well with the succession of beds described above, the

lower especially bearing a very close resemblance to the Melhourn
Rock.
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List of Fossils from the Zone of Belemnitella p][ena.

3
O

1

i

1

s

%

1
4 1

?
1

1'

1

IS

Belemnitella plena * ¥; * ¥: * * *

if

*

*

Inoceramus latus

Exoffvra, STD ^

^e *Ostrea vesicularis, var. Baylei

B-hynchonella Cuvieri

* * * *
...

*
•Sr

»• *

Terebratula semiglobosa
biplicata

Cidaris hirudo
Holaster trecensis or "1

Ananchytes ovatus . , J

Zis< of Fossils from the Melhourn Rock. #.

s

1

1 }
1 1 1 ^1

Ammonites, sp * !«•

9Inoceramus Cuvieri

Inoceramus sp. ... * ¥: ^
Spondylus striatus

Rhynchonelia Cuvieri ^

*
*

»•

Terebratulina striata *

* *

With the exception of the Inoceramus, sp., the whole of these fossils

were obtained from the upper yellower part of the Melhourn Rock.

t The fossils noted as occurring at Chalkshire were obtained by Mr. Rhodes,
the Geological Survey fossil-collector.

[For the Discussion on this paper see p. 247.]
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18. On the Beds between the Uppee and Lowee Chalk of Doyee, and

their comparison with the Middle Chalk of Cambeidgeshiee. By
William Hill, Esq., F.G.S. (Eead February 10, 1886.)

Introductory.

I PEOPOSE in the following paper to give a description of certain beds

lying between the Upper and Lower Chalk of Dover, and to compare
them with those described as '•' Middle Chalk " by Messrs. Penning
and Jukes-Browne in the " Geology of the Neighbourhood of Cam-
bridge," a memoir of the Geological Survey.

The chalk of the area described in this memoir is divided into

Lower, Middle, and Upper, and the authors say (on p. 20) that

these divisions are founded on the combined evidence of the litho-

logical and palaeontological characters of the strata. They describe

the divisions as separated by bands of chalk having marked litho-

logical characters : that separating the Lower from the Middle
Chalk is a hard nodular rock, spoken of as coinciding with a palae-

ontological break, and is called Melbourn Hock : that separating the

Middle from the Upper Chalk is the band of crystalline chalk, long

ago brought to the notice of geologists by Mr. Whitaker, E.G.S., and
known as the Chalk Mock*.

These two bands, the authors continue, form such marked breaks

that the chalk falls naturally into the divisions of Lower, Middle,

and Upper ; and these exactly correspond with the palaeontological

zones, Cenomanian, Turonian^ and Senonian, established by Dr.

Barrels and Prof. Hebert in the north of Prance.

Still referring to the Survey memoir, the Middle Chalk is (at

p. 21) divided into four zones, viz. :

—

Melbourn Bock, as its base ;

zone of Rhynchonella Cuvieri, 60 feet ; zone of Terebratulina gracilis,

in two divisions, upper and lower, 150 feet ; and on the top, the

Chalk Bock.

Pinally, with reference to the Chalk Bock the authors say (p. 22) :

—

" Its fauna, which is worthy of detailed investigation, appears to

contain a mixture of Middle- and Upper-Chalk forms, together

with some that may be peculiar ; amongst these last are several

Gasteropods."

Since the memoir was written, Mr. Jukes-Browne and myself

have recognized, not only in the area included in the memoir, but

also through the counties of Hertfordshire, Bedfordshire, Bucking-

hamshire, and Oxfordshire, a zone of Belemnitella 'plena. This

zone, which consists of inconstant bands of marly and rocky chalk,

formerly included in the Melbourn Bock, forms the summit of the

Lower Chalk.

General Description of the Chalk of Dover.

The lower part of the chalk between Folkestone and Dover has

* Quart. Journ, Geol, Soc. vol. xxi. p. 398, and Geol. Surv. vol. iv. p. 46.
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been described by Mr. F. G. H. Price, F.G.S., in his paper " On
the Beds between the Gault and Upper Chalk at Folkestone"*. He
divides the chalk into nine beds. Bed 6, with its characteristic

fossil, Holaster suhglohosus, represents the division which in the

geology of Cambridge is called the Lower Chalk. Bed 7 is called

the zone of Belemnitella i^lena^ and Mr. Price describes it as a

yellowish gritty chalk, forming a marked contrast to the beds above

and below. I have no doubt that this bed of yellowish chalk

represents the zone of Belemnitella plena as recognized by Mr.
Jukes-Browne and myself in Cambridgeshire, Hertfordshire, &c.

As in these counties, it is marked by thin bands of laminated marl,

and it contains the same fossils

—

Belemyiitella plena, Ostrea vesicularis,

and Rhynchonella plicatilis being the commonest forms.

Above this zone, the Middle Chalk begins. An excellent section of

the lower portion of it may be seen by ascending the cliff-path at the

western entrance of the tunnel of the South-Eastern Railway through

Shakespeare's Cliff (fig. 1). It will be found here that the yellowish

gritty chalk is overlain by exceedingly hard, rocky, nodular chalk,

the first 32 feet of which constitutes the " Grit Bed " of Mr. Price.

The peculiar nodular character of the chalk does not end here, but

extends upward for some distance, the chalk becoming gradually

softer, and the nodules arranged in layers, the last marked one being

about 70 feet above the base of the " Grit Bed."
Above this the chalk is dull white, rather soft, and contains irre-

gular indefinite lines of flints, the first flint line being about 60 feet

above the nodular chalk.

The height of the clift" here is perhaps 150 feet above the base of

the " Grit Bed,'' so that about two thirds of the Middle Chalk is

shown ; and although the whole of it is seen in Shakespeare's Cliff,

there is no accessible place where the highest horizons can be

examined. The strata dip gently to the east ; and it will be found

that the chalk exposed above the beach at the eastern end of the

town of Dover is but little, if at all, above the horizon of that seen

at the top of the cliff at the western entrance of Shakespeare's-Cliff

tunnel. Here, as before, the chalk is rather soft, dull white in

colour, with few flints. Several well-marked marl-bands may be
seen in the lower portion of the cliff. Above the uppermost of these

the chalk becomes streaked or veined with grey and harder portions,

weathering into knobby lumps or projections. These lumps are of

hard crystalline chalk, and frequently show the structure of sponges

or ventriculites in iron-stains. From the first they show arrange-

ment in layers, and gradually becoming closer and denser the chalk

passes into a bed of rock composed of these hard lumps or nodules

set in a softer matrix. Above this, similar rocky beds, at irregular

distances from each other, alternating with layers of softer chalk,

continue for about 25 feet ; these, becoming less defined, pass gra-

dually into softer chalk, which still contains hard crystalline lumps.

There then occurs a compact yellowish rock, about 10 feet thick,

which, in its turn, gradually passes into softer chalk, with layers of

* Quart. Journ. Geol. Soc. vol. xxxiii. p. 431.



Pig. 1.

—

Diagram showing the Section of Chalk seen in the Cliff over

the western entrance of Shakespeare^s Cliff Tunnel, (Scale

30 feet to 1 inch.)

fk ^.A^n^ fhf. ^.yVi-v AA /i

Zone of Terebratulina\
gracilis

Zone of Rhynchonella
Cuvieri

1st line

of flints,
j

Marly

^ald ^
^^^^'^^ ^^*® ^^^^^•

Marl
band.

Marly-
veins.

Hardish chalk, with nodules ar-

ranged in more or less definite

beds.

The Grit-bed of Mr. Price, =
Melbourn! Eock of Cambs,
Herts, &c,

J

Yellowish chalk, zone of Belem-
nitella plena.

Lower Chalk, zone of Holaster
subglobosus.



Fii 2.

—
Diagram of the Section seen in the Cliffs East of Dover from

the Beach to the White ChalJc with regular lines of Flints.

(Scale 30 feet to 1 inch.)

Zone of Micraster
cor-anguinum ?

Zone of Micraster
cor-testudinarium. .\

— "~^'~" """"^-^"Z" ~i Line of tabular flint.

Zone of Micraster
breviporus

Zone of
planus

White chalk with flints, in regular
lines.

Line of tabular flint.

Softish white chalk, with more or
less defined rocky layers, com-
posed of yellowish chalk in

lumps or nodules, contained in

a softer matrix.

J
Hard, compact, yellowish rock,
with layers of nodules, passing
into softer chalk with rocky
layers.

Chalk, with layers of hard crystal-

line lumps in a softer matrix,
passing upward into softer
chalk, still limipy, but the layers
less defined. Scattered flints

most abundant at the base.

Zone of Terebratu-
lina gracilis

Ooc><=>OC50 'S z>

O 0C30OOC=>C3.

tnmtmnrimrmMMe/i

Flint line.

Marl band.
Flint line.

Marl band. [softer chalk.
Hard, rocky layer, passing abruptly into
Bed of scattered flints in rocky chalk, com-
posed of hard crystalline lumps in softer
matrix.

I Softish white chalk, passing up into rocky
chalk containing many hard crystalline

lumps in softer matrix. These show
some arrangement in layers.

/ Marly band.
Line of flints.

Line of flints.

C3 C3 O O

«^ e> cf-o<^ C3 o <:> »

Marly band.

Marly band.

Line of flints, not continuous.

Line of flints.

Marly band.
Marly band.

The measurements from which this diagram is drawn up were taken at various

places between Dover and St. Margaret's Bay. There is no accessible place where

the whole can be mea«5ured. My impression was that the portion of the Chalk

represented by the zones H. planus and M. breviporus became thinner to the

westward. The measure of this portion was taken near the South Foreland.
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nodules ; these are finally succeeded by the soft white chalk, with
regular lines of flints. It may be noticed that the top of these

rocky layers occasionally presents a definite line ; the soft chalk

below appears to pass up rapidly with a deepening yellowish tint

into the hard rock, which ends abruptly and is overlain by the suc-

ceeding layer of softer chalk. This appearance is seen both in the

lower and in the upper and yellowish rock, which, although compact,

shows layers of nodules where the conditions of its weathering are

favourable.

A little to the west of the South Foreland, where the base of the

rocky chalk reaches the beach, there is a persistent bed of scattered

flints, about 4 feet thick ; this is followed by a marl-band and two
well-marked lines of flints, between which is a second marl-band.

These marl-bands and flint-lines are a prominent feature in the cliff-

face ; they are well separated at the Foreland, but approach more
closely to each other to the westward.

Throughout the lower portion of the rocky chalk above the flint-

lines flints are scattered irregularly, being more abundant near the

base ; but as the yellowish upper rock passes into softer chalk,

flints become arranged in definite lines. There are two or three

lines of tabular flint ; these are not very persistent, but may be
traced in the cliff about 2| miles west of St. Margaret's Bay.

The rocky beds can be examined at the stairs just west of CornhiU

coastguard-station, and also by following the beach at low water
between the stairs and St. Margaret's Bay.

Shakespeare's Cliff is capped by the lower portion of these hard

beds ; the marly band, above which the chalk becomes harder, is as

nearly as possible level with the bench-mark of the Ordnance Survey,

252| feet above high-water mark. The marl-bands and flint-lines

are to be seen above it, but are closer together than at the South

Foreland.

The chalk of Shakespeare's Cliff", from the base of the " Grit Bed''

to the lower marly band between the flint lines, has been kindly

measured for me by M. Curry, Esq., Assoc. Mem. Inst. C.E., of Dover.

He gives me its thickness as 236 feet. I am also indebted to

Mr. Curry for the thickness of the rocky chalk. This, measured at

the eastern end of the town of Dover, from the upper of the two
well-marked flint lines to the highest well-marked nodular layer,

proved to be 81 1 feet thick.

Zoms of the Middle CJialJc of Dover (see figs. 1 & 2).

Zone of Rhynchonella Cuvieri.—In a paper by Mr. Jukes-Browne,

F.G.S., and myself, read before this Society (Quart. Journ. Geol. Soc.

vol. xlii. p. 216), we say that the name Melhourn Rock is given to

certain weU-defined rocky bands which occur at the base of the zone

of Rhynchonella Cuvieri^ the structure of which is there treated at

some length. Its characters are described as being gradually lost in

the zone of RhyncIioneTla Cuvieri, and it contains some of the

most characteristic fossils of the zone of which it forms the base.

The hard nodular chalk at the base of the Middle Chalk of Dover

has aU the peculiarities of the Melhourn Bock^ but its development is
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greater. The name may well be applied to the " Grit Bed " of

Mr. Price, the basal 12 feet of which is certainly whiter than the

hard yellowish nodular rock which forms the next 20 feet. The
whole appears to be the equivalent of those beds of whitish and

yellow rock which compose the Melhourn BocJc along the line of

country described in the paper referred to above.

It is true that in the Midlands this rock is only some 10 or 11 feet

thick, while its equivalent at Dover is 32 feet ; but as the whole of

the zone of EliynclioneUa Cuvieri consists of hard chalk, the fact that

a larger part of it should consist of hard nodular rock in one place

than in another is not surprising.

Cardiaster pyrjmcms^ by which Mr. Price distinguishes this zone, is

not uncommon ; but it appears to me that Rliynclionella Cuvieri, the

fossil selected by the authors of the " Geology of the JS^eighbourhood

of Cambridge," is to be preferred, because it is found abundantly at

this horizon both here and in Cambridgeshire and Hertfordshire,

where, as yet, I have not been able to find the Cardiaster. More-
over, the overlying 38 feet of chalk appears to me to have more in

common with this nodiilar rock than with the softer chalk above, in

which Mr. Price puts it. Echinoconus suhrotundiis, though not very

common, appears in the top of the " Grit Bed " and marks the upper
portion of this zone, as in Cambridgeshire, Hertfordshire, &c. The
limit of the nodular chalk may be taken as about the limit of this

zone, which I estimate to be 70 feet in thickness. This, while
including 38 feet of the zone of Terehratulina gracilis of Mr. Price,

agrees closely with the zone of Inoceramus lahiatus of Barrels.

List of Fossils from the Zone of Rhynchonella Cuvieri.

DoTer.
Cambridge-

shire.

Brachiolites ? *

*

*

*

*

*

It

*

*

*

Axoffaster cretacea Lonsd

Cardiaster pvgmseus, Fcrbes

Cidaris perornata (spines), Forbes

(spines)

Cyphosoma maffnificum Ag, .

Discoidea minima, Aq,,..

subucula, Leske'i

Dixoni, Forbes

Echinoconus globukis, Desor
subrotundus, Mant.

Salenia granulosa, Forbes

Serpula plexus ? Sby
—— antiq ua, Sby

Terebratula semiglobosa, Sby
Terehratulina gracilis

striata, Wahl
Rhynchonella Cuvieri, d/Orb

limbata, rf'Ori
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Dover.
Cambridge-

shire.

Eihynchonella Mantelliana, Sby.. .

*

*

Martini, Mant

Spondylus, sp. ...

Inoceramus mytiloides, Mant.
Brongniarti, Sby
Ouvieri, Sby
problematicus, d'Ovb.

Ostrea vesiciilaris, Lam
Hippurites (Mortoni)t

Ptychodus decurrens, Ag
Ijamna subulata Ag

plicatella, Reuss

Zone of Terebratulina gracilis.—Above the line indicated as the

top of the zone of Bhynchonella Cuvieri, the typical fossil Terebra-

tulina gracilis occurs abundantly both in the chalk exposed at the

western end of Shakespeare's- Cliff tunnel and at the east of Dover.

With the exception of this, other fossils are not common, although

the chalk is full of fragments. I see no reason for subdividing

this zone ; the fossils in the appended list were found throughout,

with the exception of Micraster cor-hovis, which only occurred in

the upper part of it.

I estimate the thickness of the zone to be 150 feet, its upper limit

being about the commencement of the hard chalk.

List of Fossils of the Zone of Terebratulina gracilis.

Dover.
Cambridge-

shire.

Ventriculites mam millaris, Smith

*

*

*

Parasmilia centralis ' Mant

Micraster cor-bovis, Forbes

breviporus, Ag
Holaster planus, Mant.
Cyphosoma simplex, Forbes, = radia-

tmn. Sang

Discoidea minima (-Ag.)

• Dixoni, Forbes
Cidaris serrifera (spines), Forbes

sceptrifera, Mant
Echinoconus subrotundus, Mant
Hemiaster minimus, Ag
Goniaster (ossicles)

Serpula ilium, Sby

t This specimen was found by Mr. G-riffiths

above the " Grit Bed."
of Folkestone. It occurred just
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Dover.
Cambridge-

shire.

Pollicipes striatus, Darwin

Eschara (species)

*

*

•X-

..L

X-

9

*
*

*

Terebratulina ffracilis, Schloth

striata, Wahl,
Terebratula semiglobosa, Shy
Rhynclionella Cuvieri, d^ Orb ..

limbata, d'Orb

plicatilis, Sbi/

Pecten Beaveri, Sby
IJima spinosa, Sby

striata, Sby
Dutempliana, d'Orb

Ostrea vesicularis. Lam
Inoceramus Bronffniarti, Sby

mytiloides, Mant
problematicus, d'Orb

Corax heterodon, Eeuss

Macropoma

Zo7ie o/Holaster planus.—The thickness of this zone I give as

22 feet. In it the chalk passes into the layers of hard rock already

described. Its superior limit is drawn above the uppermost of the

two well-marked flint-lines. Many specimens of sponges and Yen-
triculites can be seen at this horizon, their form and structure

showing as iron-stains ; but other fossils are not numerous. Holaster

planus is certainly the distinguishing form ; it was fairly abundant
in the upper 10 feet of the zone, though rare in the lower portion

of it. Many of my specimens were crushed or broken. The pre-

sence of this Echinoderm, unaccompanied by any other fossil of like

character or in the same abundance, marks the zone clearly from the

over- or underlying one.

List of Fossils from the

Spongia, sp.

CephaHtes, sp.

Guettardia stellata, Nisch.

Plocoscypbia couvoluta, T. Smith.
Ventriculites.

Micraster cor-bovis, Forbes.

Holaster planus, Mant.
Cyphosoma simplex, Forbes, —

radiatum, Sorig.

Vermilia ampullacea, Sby.

Terebratula semiglobosa, Sby.

Zone, of Holaster planus.

Terebratula carnea, Sby.

Khynchonella reedensis, Ether.

plicatilis, Sby.

Lima spinosa.

Pecten Beaveri ?

Pleurotomaria perspectiva, Mant.

Scaphites, sp.

Ammonites, sp,

Ptychodus mammillaris, Ag.

Polyptycbodon.
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Ohallc with many Micrasters.—Almost immediately above the

flint line which I take as the upper limit of the zone of Holaster

jplanus^ the chalk, from being comparatively unfossiliferous, be-

comes crowded with organic remains. This division (see fig. 2),

which may be said to include all the " Nodular Chalk of Dover "

—

the t" Chalk with [many:|:] organic remains" of W. Phillips—is

distinguished by the abundance of Micrasters. Its thickness at

the eastern end of the town of Dover is, as before stated, 81| feet.

Zone of Micraster breviporus.—The basal portion of this division

is marked by the abundance of Micraster hreviioorus. Holaster

planus occurs rarely. Although this zone might be taken as an
extension of the zone of E. planus §, from the occurrence of this

fossil, yet, from the lithological character of the chalk, from the

presence of many Micrasters., and also because the fossils of the

appended list were to be found as generally in the zone above as in

this one, it appears to me to belong to the overlying rather than to

the underlying chalk. It is difficult to give the upper limit of this

zone ; but the abundance of Micraster breviporus seemed to warrant
the separation of the lower 15 feet of this division. Among the

many forms which are common at this horizon, are several species

of Gasteropods ; these may be found up to the band of hard yellow
rock in the overlying zone, beyond which they do not occur or are

rare.

Zone of Micraster cor-testudinarium.-—Throughout the remainder
of this division Micraster cor-testudinarium is common ; other fossils

are abundant in the lower part of this zone, but as the hard yellow

rock passes into the soft white chalk with regular lines of flints, they
gradually become less plentiful and the chalk again comparatively

unfossiliferous. I do not fix the upper limit of this zone, but
M. cor-testudinarium was to be found commonly where the upper
part of this rocky nodular chalk descends to the beach at St. Mar-
garet's Bay.

List of Fossils from the Challc luitJi many Micrasters ( = the Nodular

"^Z^,, ChalJc of Dover).—Zones o/ Micraster breviporus and Micraster

cor-testudinarium. (The second column indicates those re-

corded from the Chalk-rock of Cambridgeshire.)

Dover.
Chalk-rock

of Cam-
bridgeshire.

Ventriculites impressus, T. Smith
mammillaris, T. Smith

•55-

Sponsre (species)

Ooscinopora infundibuliformis, Goldf.

t PhiUips, Trans. Oeol. Soc. ser. 1, vol. v, p. 24.

I Whitaker, Mem. London Basin, p. 32.

§ Barrois, Ann, Soc. G-eol. du Nord, vol. v. p. 400 ; Barrois, Bull. Soc. Geol.

Fr. series 3, t. 2, p. 416.



TJPPER AND LOWER CHALK OF DOVER, ETC. 241

Dover.
Chalk-rock
of Cam-

bridgeshire.

Trematolites (Cephalites) perforatus,

T. Smith
Camerospongia (Cephalites) campanu-

latus, T. Smith
Plocoscyphia convolutus, T. Smith,

=

(Brachiolites)

Cephalites catenifer, T. Smith
Guettardia stellata, Nisch

Parasmilia centralis ?, Mant.
Caryophyllia

Micraster cor-testudinarium, Goldf.

cor-bovis, Forbes

cor-anguinum, Leske, var
breviporus, Ag

Holaster planus, Mant
, sp. nov

Echinocorys vulgaris = Ananchyte
ovatus, Leske

Cidaris clavigera (spines), Konig ..

sceptrifera, Mant
serrifera (spines), Forbes

(spine)

Serpula illium, Sby
plexus, Sby.

(species)

Vermilia ampuUacea, Sby.

Enoploclytia Leachii, Mant.

Desmopora semicylindrica, Rom.
Pustulopora pustulosa, Goldf. .

Flustra inelegans ?, Lonsd
Vincularia leda, dJ Orb

Terebratulina gracilis, Schloth.

striata, Wahl.
Terebratula semiglobosa, Sby...

carnea, Sby
Rhynchonella plicatilis, Sby. .

.

reedensis, Ether

limbata, Schloth

Cuviei'i, d'Orb

Pecten nitidus, Mant
? (much like asper)

quinquecostatus, Sby
Lima spinosa, Sby

,

Hoperi, Mant
,

Ostrea semiplana, Mant.
,

vesicularis, Lam
(species)

Inoceramus Brongniarti ?, Sby.

(species)
,

(species)
,
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Pleurotomaria depressa, Mant
perspectiva, Mant
sp. ( a deep form, ornamented) .

.

Turbo gemmatus, Sby
(species)

Cerithium (species) ,

Troehus Marcaisi? {d'Orb. pi. 186 bis.)

Aporrhais (Eostellaria) stenoptera

{Goldf.)

Solarium, sp

Ammonites Mantelli ?, Sby
obtectus, Sharps
peramplus, Mant.

Scapbites sequalis ?, Sby
Nautilus Fieuriausianus, d'Orb

Ptychodus?
Otodus?

Dover.
Chalk-rock '

of Cam-
bridgeshire.

Structure of the Hard Beds which marlc the TJ^jyer and Lower Limits

of the Middle ChaXk.

Although the structure of small thin slices of chalk as seen

under the microscope cannot perhaps be trusted as a means of

testing its horizon, yet the similarity in the structure of the chalk in

the hard beds which define and mark the limits of the Middle Chalk

both in Hertfordshire and Cambridgeshii^e, and also at Dover, can

hardly be passed without remark.

The white chalk at the base of the zone of Belemnitella plena is

fairly constant in its microscopical characters between Cambridge

and Tring, and at Dover these characters are in no way changed.

The small round bodies referred to as the single ceUs of Glohigerina

become as suddenly abundant in the upper part of the yellowish

chalk in the zone of Belemnitella plena at Dover as they do in the

upper part of that zone in Cambridgeshire and Hertfordshire.

The Grit bed (bed 8 of Mr. Price), which forms the base of the

Middle Chalk of Dover, exhibits the same nodular peculiarities as may
be seen in the Melhourn Boch, which occupies the same horizon in

Cambridgeshire and Hertfordshire.

The microscopical structure of the rocky beds which mark the

upper limit of the Middle Chalk is peculiar. The usual amorphous

matrix is crowded with shelly fragments, many of which exhibit

a structure similar to that of the test or spines of Echinoderms

;

these with the sponge-spicules, Eoraminifera, prisms of Inoceramus-

shells, green grains, &c., give the chalk a marked character. At
the summit of the zone of Terebratulina gracilis the chalk appears

to be composed of Ohhigerina-celh, a few shell-fragments, and

a rather large proportion of the amorphous matrix ; from this

there seems to be a gradual passage, and it is not till the upper
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part of the zone of H. planus^ or the horizon of the Micrasters and
Gasteropods, is reached that this peculiar structure is fully attained.

This passage maybe traced in Hertfordshire and at Dover, fragments

of the hard rock in which Micrasters and Gasteropods occur being very

similar in both localities. There is one remarkable difference, how-
ever : green grains which are abundant in all Chalk Rock between
Cambridge and the Thames are very rare at Dover ; and the green

-

coated nodules which form one of the features in many exposures of

the beds known as Chalk Rock in the Midlands do not occur at

Dover at all. It may be noted, however, that brownish phosphatic (?)

nodules are not uncommon. From such fragments as I have examined
of the upper portion of the rocky beds, it appears that the peculiar

structure already described passes gradually away in the hard yel-

lowish rock, and is lost at a higher horizon.

Summary and Conclusions.

It will be seen from the foregoing remarks that there exist in

the Chalk of Dover two well-marked bands having peculiar litholo-

gical characters, enclosing about 150 feet of softer chalk which con-

tains but few flints. Both these bands appear to attain a greater

development at Dover than in Cambridgeshire. The lower has all the

characters of the Melhoum RocJc^ and, as in Cambridgeshire, it overlies

a thin bed of marly chalk containing: Belemnitella plena. Its deve-

lopment is, however, much greater, its peculiar character extending

almost through the zone marked by Rhynclionella Cuvieri, from
which zone it can hardly be separated as in Cambridgeshire. This

fossil, accompanied by Ecliinoconus subrotunclus, is characteristic of

the basal 60 or 70 feet of the Middle Chalk in both localities.

Above the nodular chalk the zone of Terehratulina gracilis is equally

well marked in all respects. But at the summit of this zone there

occurs at Dover a bed in which Holaster planus occurs almost alone,

other fossils, except sponges and Ventriculites, being scarce ; in it

the chalk passes from a sottish material to beds of rocky chalk com-
posed of crystalline lumps contained in a softer matrix.

This zone of Holaster planus is not definitely recognized in the

Survey Memoir on Cambridge ; but referring to the zone of Terehra-

tulina gracilis, the authors say (on page 63) :—" The question, too,

of further division of the Middle Chalk is one that cannot be solved

in Cambridgeshire, though there would certainly appear to be palae-

ontological evidence for separating off the upper 50 feet of this zone

and constituting them into another division."

Mr. Jukes-Browne, however, in his paper * on " The Subdivisions

of the Chalk," recognizes a zone of Holaster planus underlying the
" Chalh Roclc,^' and regards this rock as the topmost bed of the zone.

The upper limit of the Middle Chalk of Cambridgeshire is described

in the Memoir as a thin baud of crystalline rock containing certain

fossils which may be peculiar to it ; but at Dover there is a succession

of bands of hard crystalhne chalk to which the term " rock " may be

* Geol. Mag. dec. ii. vol. vii, p. 253,

aJ.O.S. No. 166. 8
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applied ; and in defining the limits of the Middle Chalk of Dover it

appears necessary to consider the palaeontological position of that

hard bed to which the name " GlialTc Rock " has been given by Mr.

Whitaker. It is described by him * as ^' a hard cream-coloured

chalk with layers of irregular-shaped nodules, darker, generally

green-coated and slightly phosphatic; where best developed it is

markedly jointed, breaks with an even fracture, and rings

with the hammer."
This OhalJc Rock as seen in the neighbourhood of Pangbourn

(Hart's Lock) and Henley is a compact band of hard rock in which
occur layers of green-coated brownish nodules. Where the section

TJpPEE ChalkJ,

Middle Chalk.

Pig. 3.

—

Diagram showing the Rocky Beds above the " Chalk Rock^^

from Sections seen at Chinnor, Aston, and Henley. (Scale 10 feet

to 1 inch.)

Line of flints.

Tabular flint.

Hard yellowish rock.

Whitish chalk, with hard erystal-

i line lumps in soft mealy chalk.

Many Micrasiers and other
fossils.

Frequently a flint line here.

Hard rock, with layers of green-

coated nodules.

Softer chalk, passing up into hard
r rock.

/ Marly band.

Memoirs G-eol, Survey, vol. iv. p. 40
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shows the chalk beneath, a marl band usually marks the commence-
ment of a somewhat rapid passage from the softer chalk to the hard

rock (fig. 3). The chalk below the rock appeared uufossiliferous, but

Gasteropods, a few Micrasters, and other fossils may be found on tha

top of the rock. Everywhere overlying it there is white chalk con-

taining hard crystalline lumps, and at Henley I noticed these shomng
some aiTangement in layers. This kind of chalk may be traced for

from 15 to 20 feet ; it is fossiliferous and contains flints scattered

and also arranged in rather indefinite lines.

At Aston and Chinnor are two good sections in which the Chalk
Hock is exposed. Overlying it is the fossiliferous chalk with hard
lumps. Micrasters are abundant ; Jlicraster cor-testudinarium is

associated with M. hreviporus, Echinocorys vulgaris^ Ammonites
peramplus, Gasteropods, &c. About 20 feet above the Chalk Rock
with the green-coated nodules like that seen at Henley is a second

hard yellowish band, which is not nodular and very much like the

hard upper yellowish rock of Dover. Flints in regular lines and one

layer of tabular flint can be seen in the white chalk above the

yellow rock (fig. 3).

But the " Chalk Eock" is not always compact as at Henley. Mr.
Whitaker describes that seen south of "Wycombe-Marsh Station (?)

as " irregular in structure, not hard throughout, beds of cream-

coloured rock with nodules alternating in fact with beds of chalk.'"

Again at Jenkin's Hill " There are two bands of rock 12 feet apart

;

chalk without flints occurs below, chalk with flints above." And at

Valenciennes Parm he records a section showing 3 layers of more or

less defined Chalk Rock in about 10 feet, and above this there is

"nodular yellow-stained chalk," tabular flint occurring beneath this.

At Prince's Risboro the Chalk Rock is shown in beds each with a

definite line at top, the chalk passing up rapidly with deepening

yellowish tint to hard rock, as at Dover, which ends abruptly, softer

chalk overlying it. In Hertfordshire similar sections occur ; but here

the character of the rock is slightly altered, the green-coated nodules

are not so evident, and it is frequently broken up into lumps with
softer " mealy " chalk between them. In the Cambridge Memoir
the rock is described at an exposure near Abington Park as " an irre-

gular layer of rubbly, crystalline, yellowish chalk in lumps enclosed

in a marly matrix," &c. ; and N."W. of Westley as '^ hard chalk with

several yellowish layers near the base, containing lumps of hard
crystalline chalk," (fee. The green-coated nodules are not noticed

here at all.

Taking aU the evidence into consideration, and including Dover,

I come to the following conclusions, viz. :— (1) That there exists in

the Chalk at a certain horizon above the base of the Melhoum Rock
(not less than 220 feet in the localities mentioned herein) rocky

bands, probably not all persistent, to which the name "Chalk Rock"
may be applied

; (2) That the rock seen at Henley, the characters

of which are persistent over a large area, is one of these bands

;

(3) That these bands do not necessarily mark a palaeontological

horizon.

s2
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It follows that the top of the Middle Chalk must not be looked

for in a thin band with peculiar lithological characters, but at a

certain palseontological horizon ; this horizon seems to me to be the

»one of Hoiaster planus. Inland this zone is somewhat difficult to

identify from the paucity of its fossils, but the base of the overlying

zone is well marked throughout all the district under consideration,

and at Dover by the advent of the Micrasters and by the incoming
of an abundance of fossils having characters more closely allied to

the Upper than to the Lower Chalk.

It appears to me that in the neighbourhood of Henley the Henley
Eock may be taken as the summit of the zone oiHoiaster planus and
also of the Middle Chalk, although, from the presence of Gasteropods

&c. in its upper part, it may be the equivalent of chalk at a higher

horizon elsewhere. The white lumpy fossiliferous chalk above the

Chalk Eock seen at Henley appears to me to be the equivalent of

the '•'• chalh luith many Ilicrasters,'' ozones of M. hreviporus and M.
cor-testudinariuryi of Dover, which division I should propose to take

as the base of the true Upper Chalk—chalk with many flints—in

both localities.

With regard to the Clialk Roclc of Cambridgeshire, although it may
form a convenient line to mark the limit of the Middle Chalk, either

from want of continuous sections or the thinness of the rocky band,

there has, it appears to me, been included under this head chalk which
is really a portion of two zones, viz. that of Holaster planus and the
" ChalJc with Micrasters.'" Whether the rock has been reduced by
erosion to the thin bed now found there, or whether there is a

natural thinning-out of it, I am not prepared to say ; but I would
draw attention to the fact that the definite line which marks the top

of the rocky layers, and is considered by the authors of the Memoir
to be possibly evidence of this erosion, is a feature generally seen in

the lower as well as in the higher of these rocky beds.

I take the Middle Chalk of Dover to be that included between the

base of the " Grit Bed " and the top of the zone of Holaster planus.

Its thickness and that of the various zones is given below :

—

ft. ft.

Chalk with many / Zone of Micraster cor-testudinarium ? 66-^ 1 o-.^

Micrasters. In „ hreviporus 15 j
^

{

Holaster planus 22]
Middle Chalk. \ „ TerebratuUna gracilis 150 I 242

Bhynchonella Cuvieri 70 J

Lower Chalk Zon e of Belemnitella plena 6

The flint line at the upper limit of the zone of Holaster planus is

about 6 feet higher than the marl band which formed Mr. Curry's

mark when measuring Shakespeare's Cliff.

The total thickness of the Middle Chalk atDover is slightly in excess

of the estimated thickness of it in Cambridgeshire.

Thus the zones of the Chalk as set forth in the ' Geology of Cam-
bridge ' are clearly shown in the cliflfs of Dover, and the main divi-
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sions receive further confirmation by the study of the chalk of our

Kentish cliffs.

In conclusion, I must thank the Director of the Geological Survey

for his kindness in allowing Messrs. Sharman and ]N'ewton to examine
and name my fossils, and these gentlemen also for their trouble in

working np my somewhat large and rough collection. I must also

thank most heartily Mr. Jukes-Browne, F.G.S., for much valuable

advice and assistance.

Discussion.

Prof. Seeley called attention to the importance of the proofs of

erosion in the midst of the Chalk series which had been brought

forward by the authors. He had himself pointed out the existence

of current-beddiug in a section at Cherry Hinton, and had since ob-

served it in many other sections. He agreed with the late Dr. Gwyn
Jeffreys that the lower part of the Chalk at least was deposited in

moderately shallow water. There were also proofs that the Upper
Greensand and Gault, older rocks, were, in some places, denuded
during the deposition of the Lower Chalk. He asked for information

as to whether the condition described as " brecciated '' was not really

" concretionary," like that seen in the Chalk Rock. He had no faith

in the classification of the zones of the Chalk by means of its fossils,

as hitherto elaborated ; the range of the species was much longer in

time than was here supposed, and their use in classification was
made to depend on the accidental local abundance of individuals

;

and he took exception to those portions of the paper the conclusions

of which were based on palseontological evidence of that kind.

Mr. Whitaker said that good sections had been revealed by the

new railway from Winchester to Newbury, showing the presence in

that district both of the Melbourn Rock and of the Ciialk Hock.

He was prepared to accept the views of the authors as to the erosion

of the Chalk strata. He had himself failed to recognize the Chalk

Eock at Dover. He could not agree with Prof. Seeley as to the

existence of false-bedding at the Cherry-Hinton pit, thinking that

the structure taken as false-bedding is a superinduced structure

allied to jointing. This structure is found at a particular horizon

at many places and in rather clayey chalk. It was very difficult to

use the palajontological zones in the mapping of the Chalk. The
Chalk Eock is now being worked in the Midland Counties for road-

metal, and more pits are now in it than formerly. The Chalk Eock
was distinguished palaeontologically by the occurrence of Gasteropoda,

so rare generally in the Chalk.

Mr. ToPLEY asked for information as to the ground for taking the

line of the Melbourn 'Rock as the base of the Middle Chalk, instead

of the Belemnite-Marls, which are said to be above the line of

erosion. While palaeontological zones cannot be mapped, hard rocky

bands can be mapped, and are of great use to the geological surveyor.

They are sometimes of great importance as water-bearing beds.
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^ means of these hard beds we can trace the anticlinals and syn-

clinals of the Chalk.

Prof. JuDD congratulated the authors on the great value of the

work which they had accomplished, and the new light they had
thrown on the succession of the beds of the Chalk. He thought the

microscopical work of Mr. Hill of great value. At the Richmond
Well the 10 feet of Melbourn Rock was found underlain by the

remarkable brecciated bed he had described, which seemed to repre-

sent the Belemnite-Marls of the authors.

Prof. T. Rupert Jones agreed that the beds in the Chalk spoken

of as " brecciated " were really such. He remarked on the rock

made up of single and apparently primordial chambers of Glohigerina,

Planorhulina^ and Teoctularia. Some of these rocks probably con-

sisted of 90 per cent, of remains of Poraminifera.

Dr. HiNDE pointed out the great beauty of the sections exhibited

by Mr. Hill ; many of the rocks appeared to be almost completely

made up of organisms.

The President stated that he doubted the existence of false-

bedding at Cherry Hinton. He did not think that erosion necessarily

implied elevation in the case of the Chalk, because the lowering of.

barriers during subsidence might allow stronger currents to act.

Mr. Hill said that green-coated nodules do not occur in the

representative of the Chalk Rock, but the structure of the rocky

layers seen in thin sections under the microscope is similar at Dover.

The beds which occasionally present a " brecciated" appearance in

the zone of Belem.nitella plena more commonly show a structure

which he and Mr. Jukes-Browne were led to regard as nodular.
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19. On ADDITIONAL EVIDENCE of the OcCUREENCE of GlACIAL CONDITIONS

in the Paleozoic Era, and on the Geological Age of the Beds

containing Plants of Mesozoic type in India and Australia.

By W. T. Blanford, Esq., LL.D., E.E.S., Sec. G.S. (Read

March 24, 1886.)

The two subjects mentioned in the title of this paper are accidentally-

connected, the evidence of contemporaneous origin in certain Indian

and Australian beds that contain plants of Mesozoic types being

strongly supported by peculiar physical characters believed to be due
to the action of ice. The last number of the ' Records of the

Geological Survey of India/ contains several contributions to the

history of the question, and these appear to me to form an addition

to our knowledge of general stratigraphical geology of importance

sufficient to justify my calling the attention of the Society to them.

The subject is one to which I have given much attention in past

years, and which I have discussed at various times, and this will, I

trust, serve to excuse my writing upon it, although I have no new
observations of my own to produce.

The principal papers to which I wish to call attention are, first,

one by Mr. Richard Oldham entitled " Memorandum on the Corre-

lation of the Indian and Australian Coal-bearing Beds," chiefly

giving the results of a ^isit to Australia by a geologist who had had
the advantage of seeing some of the Indian Gondwana beds ; and,

secondly, one by Dr. W. Waagen, with the title of *' Note on some
Palaeozoic Fossils recently collected by Dr. H. Warth in the Olive

Group of the Salt Range." A paper by Mr. Griesbach on rocks near

Herat, and a recent observation of Mr. R. Oldham's in Northern
Rajputana, furnish some additional facts of value.

Before proceeding to notice the new data contained in these papers,

it will be useful to point out as briefly as possible the previous

state of our knowledge. As is well known, three great groups of

beds, chiefly of freshwater origin, in three countries bordering on
the Indian Ocean—namely, the Karoo formation of South Africa, the

Gondwana system of the Indian peninsula, and the Coal-measures

and associated beds of Australia—present remarkable points of

resemblance in mineral character, fossil contents, and the rarity or

absence of bands containing marine fossils. Roughly, these various

great groups are thus classed, minor subdivisions being omitted :

—

South Africa. India, Australia.

Stormberg. ^ ^Pl^?' | Sa^Maleif^''^^'''' I ^^f
^' plant-beds of

^ Gondwana.
| Raj,^ai,ai. J

Queensland, &c.

Beaufort. Panchet. Wianamata.
Hawkesbury (glacial).

Konap. Damuda. Newcastle,

Karharbari. Upper marine beds
(glacial).

Ecca (glacial), Talchir (glacial). Stony- Creek beds.

Lower Marine beds
(glacial).
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'With the higher of these beds we are not at present concerned:

some of them in India and Australia are proved to be of Jurassic

age by the association of marine fossiliferous strata, and I have
elsewhere * shown what an extraordinary resemblance exists between
the geological features of the South-African and Indian formations.

Turning to the lower series, the first noteworthy point of similarity

is the presence in all of coal-seams with a flora containing closely

allied or identical species, the nearest allies of which are found, in

Europe, in rocks of Mesozoic and, for the most part, of Jurassic age.

The next feature to be noticed is the occurrence in all these regions

of boulders supposed to have been transported by ice f.

In Australia alone marine fossiliferous formations are intercalated

towards the base of the plant-beds. Species of Orthoceras^ Spirifer,

Conidaria. Fenestella, and other fossils of typically Carboniferous

affinities are found both above and below certain coal-beds, known
as the Stony-Creek beds. Dr. Feistmantel, to whom we are indebted

for the best and most recent description of the Australian fossil

flora +, records from the Stony-Creek beds one species of Nceggera-

thiopsis (a cycad), four of Glossopteris (a fern), one of Annularia
and one of Phyllotheca (Equisetacese). All of these genera, except

Annularia, are found in the overlying ISTewcastle beds, and also in

the Damuda series of India ; and most of the species are either

identical with IN'ewcastle forms or very closely allied.

This intercalation, though clearly proved by the publication of

sections from coal-pits by the Eev. W. B. Clarke § in 1865, and
though supported by the evidence of every geologist who has visited

the beds (and the number is considerable), has been doubted or

rejected by many palaeo-botanists. It is scarcely necessary to say

that it is fully confirmed by Mr. Oldham. Merely because of the

singular unwillingness on the part of some of the best writers on

fossil botany to admit the force of evidence that has long since

convinced geologists, it may be useful to quote Mr. Oldham's

words. After referring to the doubts that had been thrown upon
the observations of the Rev. W. B. Clarke and other geologists, and

to the suggestion by their opponents that the apparent superposition

of Carboniferous marine beds upon strata containing Glossopteris &c.

must be due to inversion or faulting, he proceeds thus :

—

" Such a conclusion, however, could not be allowed by any one who
had seen the ground where these beds are exposed. The section

is fortunately easily accessible by the Great Northern Railway
starting from Newcastle, and the beds are well exposed in the

frequent cuttings. There are two exposures of these lower Coal-

measures on opposite sides of an anticlinal, one at Stony Creek, two
miles west of Branxton, and the other at Greta, ten miles further

* Eept. Brit. Assoc. 1884, p. 705.

t For details and references see ' Manual of the Greologj of India,' chapter v.

Feistmantel, ' Palseontologia Indica,' ser. ii., xi., xii., Eec. G. S. 1. 1880, p. 250
Oldham, J. A. S. B. liii. p. 187.

]. Palseoatographica, 1878-79 ; Pal. u. mes. Flora im ostl. Australien.

§ Trans. Roy. Soc. Victoria, vol. yi. p. 27, pi. 2.
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west. At both places the dip is moderate and steady, to east-south-

east at Stony Creek, to west-north-west at Greta ; at both places the

section is practically continuous, and the marine beds may be traced

dipping under the coal-seams, and a short way above them again

reappearing. The reappearance of the seam on the opposite side of

the anticlinal and the absence of any duplication of the seam are

conclusive against any theory that the appearances are due to

inversion or strike-faults ; while, if further proof were necessary, it

would be found in the fact that both at Stony Creek and Greta

shafts have been sunk through the marine beds into the Coal, and at

the former place through it into more marine beds, thus clearly

showing that the Coal-measures are interbedded with the marine
beds."

It is unnecessary to enter into the question of the relationship

between the fossil floras of India, Australia, and South Africa. Full

details will be found in the papers already quoted. A brief history

of the glacial evidence may, however, be useful.

The boulder-beds of Talchir were first distinguished in Orissa by
my brother and myself in 1856. The suggestion was then made
that these beds afforded evidence of ice-action*, because boulders of

large size (several have been measured exceeding 6 feet in diameter)

occur very often in fine silt, and water in sufficiently rapid action to

move the boulders would have swept away the silt instead of deposit-

ing it. The boulders in the Talchirs are almost always rounded,

probably by torrents, and as the beds are entirely destitute of marine
remains, there is every probability that the transporting agent was
river-ice.

Eor many years the theory remained without confirmation, and
the boulder-bed, everywhere occupying the same position as the base

of what had, in course of time, come to be generally known by Mr.
H. B. Medlicott's name of the Gondwana system, was traced through-

out a wide area in Bengal and the Central Provinces. At last, in

1872, Mr. F. Fedden f had the good fortune, west of Chanda, to

come upon polished and striated surfaces, both on the boulders

themselves and on the underlying rock. The late Dr. Oldham, who
was in the neighbourhood, immediately on hearing of the discovery,

visited the spot and extracted a well-striated boulder J.

At the base of the Karoo beds in South Africa a boulder-con-

glomerate has also been found, and its glacial origin pointed out by
Dr. Sutherland § and others. From the description this formation

is wonderfully similar to the Talchir bed, but the boulders are

not rounded. Dr. Sutherland suggested that this Ecca bed might
have been contemporaneous with the Permian breccias of England,

described by Sir A. Ramsay ||. My brother, Mr. H. F. Blauford ^, in

* Mem. G. S. I. vol. i. p. 49.

t Kec. G. S. I. 1875, p. 16.

J Mem. G. S. I. vol. ix. p. 324. This boulder lias just been sent to the Indian
and Colonial Exhibition to be opened in May at South Kensington.

§ Q. J. G. S. vol. xxvi. p. 514.

II
Q. J. G. S. vol. xi. p. 185.

H Q. J. G. S. vol. xxxi. pp. 529, 530.



252 ME. W. T. BLANFOED O:^ THE OCCTJEEENCE OE

1874, pointed out that the Talchirs were probably contemporaneous
with the Ecca beds.

In 1861 the late Dr. T. Oldham noticed the resemblance between
specimens from the lower marine beds of Australia and the Talchir

beds of India. He pointed out that not onfy are both bluish-green

silty beds, but that they further resemble each other in the presence

of pebbles and large rolled masses in fine silt. This point of resem-

blance was noticed by my brother, Mr. H. P. Blanford *, but has not

generally been alluded to in the discussion of late years f, probably

because it had never been confirmed by any one who examined
the beds in situ until Mr. E-. Oldham did so.

In 1866 Dr. A. E. C. Selwyn and the late Sir E. Daintree + found

a bed containing boulders of considerable dimensions at a spot called

Bacchus Marsh in South Australia. The bed yielded some fossil

plants allied to Glossojpteris, and described by Prof. M'^Coy as

Gmigamopteris, a genus found also in the Australian Newcastle beds

and in the Talchir and Damuda series of India.

In 1878 Mr. C. S. Wilkinson § discovered large transported

boulders in the Hawkesbury series. Dr. Peistmantel
||

classed this

and the Bacchus-Marsh beds as contemporaneous with each other,

and also with the Indian Talchir and the South-African Ecca beds.

I believe the above are the most important links that had so far

been forged in the chain of evidence, and I now proceed to the

additional information just obtained.

In Mr, E. Oldham's recent visit to Australia, he has ascertained that

striated pebbles and boulders occur in the Carboniferous marine beds

both above and below the Stony-Creek beds. He says :
—" Blocks of

slate, quartzite, and crystalline rocks, for the most part subangular,

are found scattered through a matrix of fine sand or shale, and these

latter beds contain delicate FenesteUce and bivalve shells with the

valves still united, showing that they had lived, died, and been

tranquilly preserved where they are now found, and proving, as con-

clusively as the matrix in which they are preserved, that they could

never have been exposed to any current of sufficient force and

rapidity to transport the blocks now found lying side by side with

them. These included fragments of rock are of all sizes from a few
inches to several feet in diameter." Mr. Wilkinson had seen in

these same beds boulders of slate &c., the dimensions of which might

* L. c. p. 534.

t Mr. Oldham appears surprised at my not having mentioned this observation

of his father in my reply to Dr. Feistmantel (Eec. G. S. I. 1878, p. 104). I was
well acquainted with the observation, but I felt and still feel doubtful whether
similarity in mineral character can be used as evidence of age, and I do
not attach much importance to deductions as to physical characters unless

made from examination of the beds in the field. It must be remembered also

that no evidence of glacial action in the beds of New South Wales was then

available.

\ Report on the Geology of the District of BaUan, Melbourne, 1866, p. 10. I

take from Mr. Oldham's paper this and the next reference to Australian

literature.

§ Trans. Roy. Soc. K S. W. vol. xiii. p. 105.

II
Rec. a. S. I. 1880, p. 250.
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be measured in yards. Mr. Oldham found fragments well smoothed
and striated as if by a glacier, and he is inclined to believe that the

fragments of rock were derived from icebergs.

Nor are these boulder-beds confined to the locality mentioned

north of Sydney. Similar deposits are shown by Mr. Oldham to

occur at Wollongong to the south and in the Blue Mountains to

the west, and again far to the northward in Queensland. Mr.

Oldham also thinks, and I thoroughly agree with him, that the

Stony-Creek beds, and not the much later Hawkesbury, are the equi-

valents in time of the Bacchus-Marsh beds of Victoria. The evidence

of ice-action in the Hawkesbury beds is fully accepted by Mr. Oldham,
though not regarded as evidence of glaciation so extensive as that

which affected the underlying series *.

Thus throughout Eastern Australia, from Queensland to Victoria,

there is found evidence of ice-transport in beds belongiDg to the

Carboniferous period. The Australian marine Carboniferous beds

have usually been considered of Mountain-Limestone age ; but I

learn from Dr. Waagen, who has made a special study of the Car-

boniferous fauna in connexion with his description of that found in

the Salt Eange of the Punjab, that the Australian marine Carbo-

niferous fossils are of somewhat later date, corresponding approxi-

mately to the Coal-measures of Western Europe and to the Fnsulina-

limestones and their associated beds in Kussia.

It is very remarkable that, at the very time when Mr. Oldham was
engaged in obtaining evidence of glacial action in Carboniferous

times in Australia, Dr. AVaagen's attention was called to similar

evidence in Is^orthern India. The two lines of research were abso-

lutely independent of each other, neither writer being aware of the

other's studies, and therefore the circumstance that both, from widely

different data, come to the same conclusion as to the age of the Lower
Gondwanas is one of those extraordinary coincidences which rarely

occur except when a real scientific discovery is made. As already

mentioned, both papers appear in the same number of the Indian

Geological Survey Eecords.

In the Salt Eange surveyed by Mr. Wynne and described by him
in the fourteenth volume of the Memoirs of the Geological Survey of

India, and in the continuation of the range to the westward beyond
the Indus, described by the same geologist in vol. xvii., boulder-

beds have been found in several places and are described in the

works mentioned. One of the most important occurrences is in the

eastern part of the range, near the Khewra salt-mines. Here the bed
consists of dark shales filled with large boulders of granite, syenite,

porphyrite, quartzite, and other hard rocks of unknown derivation.

Mr. Wynne, when he surveyed the Salt Ilange, had very little if any
acquaintance with the Lower Gondwana ; but Mr. Theobald, who had
a good knowledge of the Talchir beds, at once recognized the

* In the Hawkesbury series angular boulders of shale, of a kind also inter-

bedded, are found in the sandstone. They occur of all sizes up to 20 feet in

diameter, with their stratification at all angles to the dip of the sandstone.



254 MK. W. T. BLAKFOED ON THE OCCFEEENCE OF

similarity of the boulder-formation in the Salt Eange, and he
obtained from it a roughly rounded fragment of red granite*,

polished and striated on three sides, the direction of the striation

being different in each case. This boulder is now in Calcutta.

The bed just mentioned has hitherto been considered part of the
" Olive Group " of Wynne, and classed as Cretaceous. The relations

of the beds may be illustrated by the accompanying section, copied

from Mr. Wynne's sketch of Karangli Hill f, the locality from which
Mr. Theobald obtained the boulder just mentioned.

Section through Kardngli Hill. [Erom the ' Memoirs of the

.Geological Survey of India,' vol. xiv. pi. xv. fig. 19.]

Karangli Hill,

3528 ft.

1. Salt Marl; 2. Purple sandstone; 3. Dark shales with Obolus; 4. Mag-
nesian Sandstone ; 5. Olive Group ; 6. Nummulitic Limestone ; 7. Tertiary

Sandstone.

JSTummulitic Limestone occurs at the top, resting upon the Olive

Group, the uppermost portion of which is fossiliferous, and contains

locally, amongst other fossils, Cardita Beaumonti, a characteristic

fossil, in Sind+, of a stage that is certainly older than any recog-

nized Tertiary horizon, and must probably be classed as very high

Cretaceous. Beneath this fossiliferous band there is a considerable

thickness of sandstone, containing no fossils except some ill-marked

bivalves, and then comes the boulder-bed. The Cardita-Beaumonti

beds, Olive sandstone, and boulder-bed form the " Olive Group " of

Mr. Wynne.
Beneath the boulder-bed there is, in places, a band of thin-bedded

sandstones and bright red clays, known as the Pseudomorphic Salt-

Crystal Zone, on account of the pseudomorphs of cubical salt-crystals

found on the surface of the sandstone. This bed is unfossiliferous

and maybe neglected. The next in descending order, the "Magne-
sian Sandstone," is equally unfossiliferous, but it is much more im-
portant. It is unquestionably Palaeozoic ; for, further to the west-

ward, it passes beneath another unfossiliferous bed, the " Speckled

Sandstone," which there underlies the Carboniferous Productus-lime-

stone. Both Speckled Sandstone and Carboniferous Limestone, it

must be understood, thin out to the eastward §. Thus it is mani-

* Eec. G. S. I. 1877, p. 224.

t Mem. G. S. I. vol. xiv. pi. xv.

I Mem. G. S. I. vol. xvii. p. 34 ; also Pal. Ind. ser. xiv. pt. 2, p. 16, pt. 3, p. 7.

§ See the diagram given by Mr. Wynne, I. c, opposite p. 69.
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fest that either the beds between the Gardita-Beaumonti zone and
the Magnesian Sandstone represent all the geological sequence from

Lower Carboniferous or even older to Upper Cretaceous, or else that

one or more breaks, representing vast lapses of time, occur in the

sequence.

Here, as elsewhere in the Salt Eange, we are assured by all

observers, there is the most marked parallelism and apparent con-

formity in all the beds *. In the absence of fossils, the only clue

to subdivisions of the sequence is in changes of mineral character.

There is thus no a priori reason, so far as the description leads us,

why a break should not exist in the middle of the Olive Group ; and,

according to Waagen's view, a great break does occur here.

This, however, is not the only instance of boulder-beds occurring

in the Salt Eange. Two other instances, at least, occur. One of

these is in the " Speckled Sandstone '' just mentioned as occurring

at the base of the Proc?i«c^MS-]imestone ; the other, apparently the

most important of all, is to the west of the Indus, in beds immedi-
ately beneath the Productus-Wme^ione. These two are evidently on
nearly the same horizon, and were, I believe, regarded by Mr.

Wynne t as identical. Polished and striated blocks were observed

by him J in the bed west of the Indus.

Before proceeding further, it is essential to mention that the Pro-
c^wc^i^s-limestone of the Salt Range is divided by Dr. Waagen into

three stages, the two upper of which he classes as representing the

Permian, and the third as the equivalent of the upper part of the

European Coal-measures §, and that, in his introduction to his work
on the Productus-imie^toiie fossils

||,
he includes the Magnesian

Sandstone (and of course the Speckled Sandstone overlying the Mag-
nesian Sandstone) in the Proc?^tCi^MS-limestone system. Indeed, he

especially insists on the close connexion of the Speckled Sandstone

with the lower beds of the Prodiictus-\\me^ioue^.

In the neighbourhood of Choya Saidan Shah (near Karangli and
the Xhewra salt-mines) Dr. H. Warth, a mining-engineer in the

service of the Government of India, found, about the beginning of

last year, a marine fossil in what he then supposed to be a pebble of

the boulder-bed. The fossil was a Comdaria, and the nodule in

which it occurred was at first supposed to have been brought from,

a distance. But Dr. Warth subsequently obtained numerous addi-

tional specimens in similar nodules, and ascertained that these

nodules were confined to a thin layer at the top of the boulder-bed,

and this layer he traced over an area exceeding ten square miles.

This discovery, and also the circumstance that all the nodules are of

about the same size and of an oval form, led to the conclusion (which,

* This 'is very remarkable, as it appears to show that throughout all geo-

logical time from the date of the Salt Marls (older Palaeozoic) to Eocene and per-

haps later, there was a complete absence of disturbance in this area. Yet for

a considerable portion of the time the tract appears to have been on or near a

coast-line.

t Mem. O. S. I. vol. xvii. p. (236) 26. J Ibid. p. (239) 29.

§ Rec. G. S. I. 1886, p. 32.
|1 Pal. Ind. ser. xiii. p. 3.

f Rec. G. S. I. 1886, p. 32.
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however, is disputed*) that the nodales were not pebbles, but con-

cretions.

Dr. Waagen, to whom the fossils were sent for examination, found
10 recognizable species amongst them. Of these, 2 Serpulce and a

Lamellibranchiate mollusk, referred with some doubt to Atomodesma
(Mytilidce), are new. A N icula and a Discina also occur, but not
sufficiently well preserved for accurate specific determination. The
more important identifications are :

—

Bucania, cf. Tcattaensis, Waagen.
Conularia Icevigata, Morris, common.
C tenuistriata, M^Coy.

G. cf. irregularis, Kon.
Aviculopecten, cf. limceformis (Morris).

Conularia Icevigata, 0. tenuistriata, and Avicidopeeten limceformis

are found in the Carboniferous beds of Australia, Conularia irregu-

laris in the Mountain-Limestone of Belgium, Bucania (a genus allied

to BelleropTion) hattaensis in the lower stage of the Productus-\\m.e-

stone of the Salt Range. There can be no question of the fauna
being Carboniferous, whilst the fact that only one species, and that

not identified with certainty, is known from the Salt-Eange Pro-
c^Kc^its-limestone, renders it probable that these fossils indicate a
slightly different age from that of any of the fossiliferous beds pre-

viously known in the locality. This age cannot be newer (for it is

absurd to suppose the fauna to be supra-Permian), so it must be
rather older. This is the view taken by Dr. Waagen, and he
shows how the appearance of a Carboniferous bed, rather older

than the known Productus-W-mQsione, beneath the Cardita-Beaumonti
beds at this spot may be accounted for. In starting from the west
the Cardita-Beaumonti beds are found resting, first on Jurassic beds,

then on Triassic, then on the Fusidina-heds of the lower Productus-

limestone, and finally on the Comdaria-himd of the boulder-bed.

This last is precisely where the Speckled Sandstone should crop out.

Dr. Waagen concludes that this boulder-bed of the eastern Salt Range
is the same as that in the Speckled Sandstone of the western portion

and as that west of the Indus, and that all are approximately of

Coal-measure age, that is, contemporaneous with the boulder-beds

shown by Mr. R. Oldham to be so extensively developed in Eastern
Australia.

There is, however, a difficulty to be overcome. Mr. Wynne, who
surveyed the Salt Range in detail, and is consequently entitled to

speak with much authority on the geology, in a recent paper not yet
published, but of which a summary is given in the ' Geological

Magazine ' for March 1886, and also in letters that I have received

from him, questions the concretionary nature of the nodules, and states

that he has evidence of their being transportedf. He particularly

* I will refer to this presently.

t Specimens which Mr. Wynne was so good as to send to me for exhibition

at the meeting bear out this view. One unmistakable pebble contains a Conu-
laria, the shell of which is intersected by the worn surface of the pebble. But
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mentions that a rolled specimen of Conularia was sent to him by

Dr. "Warth, who, if I understand rightly, now considers the nodules

to be transported pebbles. Mr. Wynne is also of opinion that the

east Salt-Range boulder-bed is on a different horizon from that to

the westward.

I am in hopes that this difficulty will be cleared up very shortly,

and that the locality will be examined by Mr. Oldham or some other

officer of the Indian Geological Survey. Meantime, 1 think it will

be well to await further information. The evidence as to the

boulder-beds in the western Salt Eangeis unaffected by the position

of that in the eastern ; and if the latter be of later age there will be

evidence of two glacial epochs in Northern India, instead of one

;

though it is difficult to avoid a suspicion that all these evidences of

a low temperature are on the same general horizon.

The reason why no one has hitherto been induced to connect

these- Salt-Hauge boulder-beds with the Talchirs is, I think, first,

because there was no connecting link known, aud the distance at

which they occurred from each other, between 700 and 800 miles,

rendered any attempt to connect them bymeans of physical characters

rather wild speculation : and, secondly, because whilst the age of the

western Salt-Range boulder-beds was generally understood to be

infra-Carboniferous, that of the Talchirs was scarcely admitted to be

so old as Permian. In fact I was almost alone in contending for

its Palaeozoic age. Dr. Peistmantel having classed it as Triassic.

The light now thrown upon the age of the Salt-Range boulder-beds,

however, is supplemented by another discovery of Mr. Oldham's,

who has corrected a faulty observation of my own.

The most north-western occurrence of the typical Talchir beds

with which I am acquainted is in the Nerbudda valley, near

Hoshungabad. Far to the westward of the main Gondwana area in

Central India some representatives of the Upper Gondwanas are

found in Cutch, associated with marine Jurassic strata. The base of

the system is not seen, the lowest beds, which are of Bathonian age,

being on the verge of a great alluvial tract which conceals all inferior

strata. Scattered outcrops, both of the marine and plant-bearing

beds, are found emerging here and there from the sands of the In-

dian deserts north of Cutch, as far north, at all events, as Jesalmir.

In a hurried traverse that I made of the desert in 1876 I found

near Pokaran, between Jodhpur and Jesalmir, a well-developed

boulder-bed, resting in one place on a grooved and striated surface

of the Archaean rocks. It was impossible to determine the position

of this boulder-bed without further exploration : the only associated

formations were the Archaean Malani felsites, porphyries, syenites,

&c., clearly inferior, and some red sandstones, which I suspected

—

correctly, as has since been found—to be Vindhyan (probably very

old Palaeozoic). It appeared to me, however, as if the sandstones

other specimens do not look rolled ; the surface is irregular, as if weatliered,

and amongst these weathered specimens is that which Dr. Warth regards as

rolled.
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were higher in the series than the boulder-beds ; bnt naturally my
hurried observations, made in marching rapidly through a country

where only here and there a patch of rock emerges from beneath
the blown sand and alluvium, were neither satisfactory nor conclu-

sive. I am not surprised to hear that Mr. Oldham has now ascer-

tained that the boulder-bed is above the Yindhyans, that it is

extensively developed, that it forms the basement-bed of these

western representatives of the Gondwanas, and, in short, that it is

shown by its character and position to be a representative of the

Talchir beds.

A glance at the map of India will show that the locality in North
Rajputana is nearly equidistant from Hoshungabad in the Kerbndda
valley and the Salt Eange of the Punjab, and not far to the west-

ward of a straight line between the two.

Still another observation remains to be added. Mr. Griesbach,

who is attached as geologist to the mission engaged in laying down
the Eussian and Afghan boundary, found*, more than a year ago,

in the neighbourhood of Herat, greenish sandstones and shales with
boulders at the base of a great plant-bearing system containing, be
says, Vertebraria, a typical Damuda (lower Gondwana) plant. . The
boulder-bed he recognized at once as Talchir, and he insists on its

resemblance to the Ecca beds of South Africa, a similarity due
partly to the association of basaltic rock in both cases.

In a subsequent paper he gives further details, and states t that

the boulder-bed rests conformably on marine Carboniferous beds.

I cannot find any clear evidence as to the position of these beds in

the Carboniferous ; amongst the fossils are said to be Productus

semireticiilatus, Atliyris Royssii, Fenestellce, &c., but both the Brachio-

poda have a wide range, and of course the determinations are

made without means of accurate comparison ; indeed Mr. Griesbach

especially states that his notes are merely rough descriptions. Dr.

Waagen speaks of the marine beds as Lower Carboniferous ; and

very probably they are of that age, like the limestones further west

in the Elburz. If this be the case, the geological position of the

boulder-bed may probably be identical with that in the western

Salt Eange. Eut I think it will be weU. to await further details

before coming to any decided conclusion.

The importance of the observation lies chiefly in the fact that if

the beds at Herat are really equivalents of the Indian Gondwanas,

a great step has been made towards the connexion of the Indian

beds, the position of which has so long been problematical, with the

typical geological sequence in Europe. As Mr. Griesbach points

out, the Herat plant-bearing beds probably represent those of

Russian Turkestan and those of the Elburz and Armenia.

Although it was impossible to overlook the remarkable evidence

of ice-action previously recorded from South Africa, India, and

Australia, I have feared hitherto to attach too much weight to it

* Eec. a. S. I. 1885, p. 62. t Ibid. 1886, p. 54.
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as evidence of synchronism, and in one case, in the supposed proof

that the Bacchus-Marsh and Hawkesbury beds were contempora-

neous, reasoning from glacial evidence certainly led to a false con-

clusion. I must say I always felt doubtful about this particular case,

and it was partly this which in the last note I wrote on the subject

led me to remark, with reference to the supposed synchronism of

all the various beds, that it would be very unwise to insist too much
on the coincidence. The great addition made to the area over which
boulder-beds have now been traced, tends very strongly indeed to

support the view that all are really contemporaneous or nearly so,

and that the Ecca beds of South Africa and the Talchir beds of India

are of the same geological age as the Carboniferous strata of Eastern

Australia, and approximately equivalent to the Coal-measures of

Western Europe*. At the same time there is no improbability in a

recurrence of glacial conditions during at least a considerable portion

of the Carboniferous period ; and to such recurrences may perhaps be

attributed the glacial evidence observed in the Hawkesbury beds of

Australia and the Permians of England and Germany. This, how-
ever, only overcomes part of the difficulty that arises. One of the

great puzzles is to explain why, at a time when the cold, in winter

at all events, in 16° north latitude, was sufficiently intense to admit
of boulders being carried by ice into large river-valleys or lakes, a

much richer vegetation appears to have flourished in far higher lati-

tudes in Europe t.

Mr. E. Oldham, in a recent paper, written, however, before he

visited Australia, and before much of the evidence now procured

was available, suggested a great alteration in the position of the

earth's axis ; but I am doubtful whether the position suggested by
him for the pole in Central Africa would dispose of the difficulty,

and I am inclined to think it better to await more information

before attempting to map out the area aff'ected. The idea of glacial

action in past times, apart from the subrecent glacial epoch, is novel

to geologists in general, and it is very possible that information will

accumulate when attention has been more generally drawn to the

facts recently ascertained.

There is, however, one point to which attention should for a

moment be called, and that is the connexion between the occurrence

of a great glacial epoch at the close of the Palaeozoic era and the

* I do not employ the terms Upper and Middle Carboniferous, because it is

by no means certain what such terms imply. In my own opinion, it is a
mistake to divorce the Permian from the Carboniferous, of which, when all are
represented by marine beds, the Permian forms the upper series ; but in this

matter the interests of science are in competition with local convenience

t The coal-plants found so abundantly in Bear Island, Spitzbergeu, and
Grinnell Land are chiefly from the Ursa beds, which are much older than the

European Coal-measures, though one stage in Spitzbergen is said to be equi-

valent to the uppermost Coal-measures. No Arctic coal-plants are known, so

far as I am aware, of the same date as that now assigned to the boulder-beds of

India, Australia, and South Africa. Also it should not be forgotten that

identity of fossil plant-remains does not prove beds to be of contemporaneous
origin. At the same time the absence of glacial evidence in past times amongst
Ai-ctic lands must not be forgotten.

Q.J.G.S. No. 166. T
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enormous change that took place in all life, vertebrate and inver-

tebrate, animals and plants, in the interval between Upper Palaeozoic

and Lower Mesozoic times. Despite all the discoveries of Palseozoic

types in the Trias, and of Mesozoic genera in Upper Carboniferous

or Permian, that have taken place in the last forty years, the fact

remains as distinct as it was when it formed the subject of Prof. E.

Porbes's Presidential Address to the Society in 1854, that a greater

change in forms of life takes place between Permian and Trias than

between any other two consecutive systems in the whole of geolo-

gical time. If the views above expressed be correct, and if during

part of the Carboniferous period an excessively low temperature

prevailed, some explanation of the change may be found. The alter-

ation in marine life at the close of the Palaeozoic period appears to

have been enormously greater than anything produced by the last

glacial epoch, the effects of which, indeed, may be said scarcely to

have influenced the tropical seas, although in places, as in India,

the modification of the land-faun a and flora has in all probability

been extensive. The circumstance that the temperature towards

the end of the Palaeozoic era must have been lower than in the

Pleistocene epoch, may account for the occurrence of boulder-beds of

the former date in tropical and subtropical countries.

Under the impression that the Indian Damudas were of later date

than the Newcastle beds of Australia, the idea has been suggested

by several writers* that the European Mesozoic flora originated in

Australia in Palaeozoic times, was driven to the equator by the

increasing cold in the Permian epoch, and thence spread again to

the northward in Mesozoic times as the temperature improved.

This may be partially the fact, but it is not necessary to invoke the

aid of migration to the same extent. It is at least equally probable

that a considerable tract of Southern Asiat in Carboniferous times

formed part of a continuous land area extending to Australia on

one side and to South Africa on the other, that this land area was

absolutely severed from all the countries in which the Coal-measure

flora existed at the time, and was subjected to a much colder climate.

It is unnecessary to remark that the Coal-measure flora was long

since proved not to have required a tropical climate for its develop-

ment. The distinction between the two floras is in all probability

due to long isolation—to a difference, in short, of geographical areas

with a distinct biological history, or of what are generally known as

botanical regions.

Discussion.

The Peesidekt remarked upon the wide range of the paper. In

the case of some communications hardly more than two or three

Fellows could be expected to take part in the discussion ; but in the

* Manual G-eol. India, Introduction, p. xxxvi ; Oldham, J. A. S. B. vol. liiL

pt. 2, p. 195 ; Waagen, Rec. G. S, I. 1886, p. 37.

t Gondwana plants, mixed up in an extraordinary manner with each other

and with European Rhsetic types, have been found in Tonquin. Zeller, BulL
Soc. Geol. France, ser. 3, vol. xi. p. 456.
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present case, with a paper dealing with India, South Africa, and
Australia, and which raised such questions as the value of fossil

plants as evidence of geological age, and of the recurrence of glacial

conditions, it was to be expected that the discussion would be wide,

lively, and possibly warm.
Dr. Selwtn said that conglomerate beds similar to those referred

to at Bacchus Marsh were very largely developed in Gipps Land,

where they formed mountains 3000-4000 feet high. Lepido-

dendron and some other indistinct fossil plants were found in the

associated strata, but none of the Eacchus-Marsh forms. He
thought it possible the conglomerates were of the same age, though

on the evidence of the plants they had been considered different.

Glacial action may have operated in their formation, though he had

not observed any evidence of it.

The much discussed Stony Creek section is parallelled in British

Columbia, where a Tertiary flora is interbedded with a Mesozoie

marine fauna.

Mr. Caeruthers remarked that this was not a question of strati-

grai)hy, but as to the value of botanical and zoological data in

determining the age of strata. It appeared to him that the remains

of plants might indicate the age even more than those of animals.

It was not a question of the replacement of the Carboniferous flora

of Europe by a flora of the same age but of a different facies, for,

though the Lepidodendra of Australia were Devonian, there was a

Carboniferous flora of the same type as that of Europe in South

Africa (Karoo beds), consisting of Lejndodendi^a, Siffillarice, Cala-

mites, and Ferns ; and in addition there was present this later Glosso-

pteris-^ora. with a Mesozoie facies. In South Africa, India, and
Australia this flora is placed, on zoological evidence, at a lower level

than it ought to occupy.

Mr. Lydekker wished to call attention to two points bearing on

the present paper. In the Kashmir Himalaya the Kuling series

seems to represent the Lower Froductus-lim.estone, and beneath it

there is a considerable thickness of traps underlain by the Blaini

conglomerate, which closely resembles a glacial boulder-bed. This

boulder-bed appears to be the equivalent of that in the Salt Eange
;

and other boulder-beds lower down in the series j)oint to the pre-

valence of still earlier glacial conditions. Mr. Lydekker also called

attention to the homotaxy of the groups of the Gondwanas, and showed
a perfect agreement between the age indicated from the considera-

tion of the vertebrate fossils and that arrived at upon other grounds

by Dr. AYaagen and Mr. Oldham. Th€ sequence thus obtained in-

dicates representative groups from the age of the Lower Jura (Kota)

to that of the Carboniferous (Talchir). In South Africa, also, we
get a complete series from the Jura, to the Palaeozoic.

Prof. T. R. Jones remarked that in the case of the Stormberg he

regarded the presence of Lepidodendron as a myth. The Karoo
beds contain vertebrate remains, including highly organized Eeptiles,

and it seemed to him that these furnished better evidence than a

flora. He referred to the evidence adduced by the late Mr. Stow



262 ME. W. T. BLANEOED OX THE OCCUEEE^'CE OF

of glacial action in the lower part of the Karoo beds, which buried

glaciated surfaces on rocks probably of Archaean age.

Prof. Dfttca]!^ said that it was very satisfactory to know that the

recent discoveries strengthened Mr. Blanford's original opinions re-

garding the Palaeozoic age of the Lower Gondwanas. Having had the

advantage of studying the rocks and fossils of the Gondwana series

in the Museum of the Eoyal Indian Engineering College, he (Prof.

Duncan) was impressed with the necessity of approaching the study

of the age of the Lower Gondwana series from above, for there were
no fossiliferous deposits beneath them. There were Purbeck-
Wealdens in Kachh, and also beds containing a Jurassic flora placed

between marine strata, and the MoUusca were often identical speci-

fically with those of the European type. Then the Eajmahal beds

must be lower than the Oolitic and the facies of the plants was
Liassic. The succession below was through a great depth of sedi-

mentary rock with thick plant-beds, and the Upper and Lower
Damudas had a different flora from the Eajmahal above and the

Karharbari beds of the Talchirs below. The flora was Mesozoic in

facies, but there were such forms as Neuropteris valida and many
Equisetacese, which gave a kind of European Palaeozoic appearance.

He considered that the animal remains must be considered of

greater classificatory value than the floras. With regard to the

glacial question, he considered that the Talchir boulders were the re-

mains of the moraines on the flanks of mountains which had sunken.

Eev. E. Hill remarked that when people change the axis of the

earth, they do not change its shape. Hence, for glacial conditions to

thus arise in the southern localities alluded to, one pole of the earth

must have been somewhere about the middle of the Indian Ocean,

and the equator about where England now is. Dr. CroU claimed

that there was a Glacial period in the Carboniferous epoch.

Prof. Seelet thought it was an exceedingly doubtful proceeding

to attempt correlation of beds on the ground of traces of glaciation.

It seemed to him desirable that we should get fuller evidence that

the glaciation referred to in the paper had really existed. A few

scratches appeared to be doubtful evidence. The pebbles and

boulders described by the author were in some cases several feet in

diameter and rounded ; and in how many cases were there those

smoothed surfaces with striae which furnished unmistakable evidence

of glacial conditions ? He referred to other causes of such phenomena,

and even of scratches, quite independent of glaciation. .

As regarded the question of fossils as indicating the age of de-

posits, he thought that we are not justified in taking such a plant as

Glossopteris as c.haracteristic of a particular geological period. He
referred to the case of Trigonia as indicating the mistakes into

which we may easily be led by attaching too much importance in

this respect to particular types, and maintained that, however good

such a mode of settling the age of deposits may have been in past

time, with our present knowledge it is liable to lead to a delusion.

From the reptiles found in the Indian rocks referred to, no one

would have any reason for regarding them as referable to a sharply
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defined epoch. The time has not yet come for the correlation of

rocks by means of their fossil contents ; and this is especially the

case with deposits which seem to hold a position intermediate

between the Palaeozoic and Mesozoic series.

Mr. De Range admitted the important testimony adduced in sup-

port of the notion of the occurrence of Glacial epochs in Paloeozoic

times. But he wished to ask the author how he proposed to explain

the presence, throughout the extreme northern regions, of Silurian,

Devonian, and Carboniferous rocks, containing fossils identical with

those obtained in similar rocks in Europe. At the time of the

deposition of the Carboniferous Limestone, the Lias, and Oolites,

there seems to have been a continuous sea over the North Pole,

There was no evidence in these rocks of difference of temperature ;

the conditions seem to have been the same until we arrive at the

Cretaceous epoch, in which indications of climate first appear.

The Atjthok, in reply, admitted that some of his points were

fairly open to question, but he begged to say that upon these he had
by no means pretended to speak decidedly. With regard to the

change of position of the earth's axis, he had remarked only that this

explanation had been suggested. He was quite prepared to join

issue with Mr. Carruthers on the question whether plants or marine

animals should decide as to the age of the deposits referred to.

Prof. M'^Coy, who thought the plants Mesozoic, was convinced as to

the Carboniferous age of the marine fossil animals in Australia : so

also were Prof. Morris and Prof. De Koninck. He maintained that

there is no knoAvn instance in which marine animals referred to

a certain age in one place are found differently arranged elsewhere,

whereas with plants the case is quite otherwise. With regard to the

doubts raised as to the pebbles and boulders being transported by
glacial action, he said that such masses, sometimes measuring six

feet in diameter, occurred scattered through a very fine silt, and he

knew of no other agency than that of ice by which boulders of that

size could have been so deposited.

Q. J. G. S. No. 167.
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20. On the Basement-beds of the Inferior Oolite of Gloucester-

shire. Ey E. WiTCHELL, Esq., E.G.S. (Eead Eebruary 24,

1886.)

During the last twenty years very little has appeared in the Journal

of the Geological Society upon the Inferior Oolite of Gloucester-

shire. Prior to that period the Journal contains several valuable

papers on that formation by able geologists, among whom I may
mention the names of the Rev. P. B. Brodie, Dr. T. Wright, Pro-
fessor J. Buckman, Professor E. Hull, and Dr. Holl. In addition

to these papers we have the Memoir of the Geological Survey by
Professor E. Hull, ' The Geology of Cheltenham,' and Dr. Lycett/s
' Geology of the Cotteswold Hills,'—works which have served as

guides to the Cotteswold geologist to the present time. Indeed the

work done between the years 1847 and 1860 was of such great

extent and excellent character that it seemed as if there was nothing

more to do in the Cotteswolds except, perhaps, to make from time

to time some addition to the lists of fossils of the district ; but after

working over the Inferior Oolite of the Cotteswolds nearly a quarter

of a century, and going carefully over the work of my predecessors,

I am of opinion that another paper at least is required upon the

lower beds of that formation before they can be thoroughly under-

stood. My reasons for this opinion are :—(1) That the beds

called *' Pea Grit " in the Leckhampton section by Hugh Strickland,

which name was adopted by Dr. Wright and the Geological surveyors,

include in that term—erroneously, as I think—all the beds occur-

ring between the Pea Grit proper and the Cephalopoda-bed of the

sands, which beds are shown in some sections to be more than thirty

feet in thickness. (2) That the use of the term " Pea Grit " in the

way I have mentioned has led to confusion in the description of the

beds extending over a large portion of the Cotteswold area. (3 ) That
the Pea Grit proper has a much greater extension over that area

than has hitherto been supposed to be the case.

If we examine the lower beds of the Inferior Oolite in the typical

section at Eroceater Hill, beginning with those immediately overlying

the Cephalopoda-bed, we see that they consist of brown sandy lime-

stone in two or three beds, and above these some beds of crystalline

limestone about 10 feet thick, and beds of fine-grained limestone

about 50 feet. These beds are thus described by Dr. Wright ; but

Dr. Lycett, while giving a similar description of the brown sandy

beds, refers to the others as " beds of oolitic limestone used as a

freestone quarry." In the section at Haresfield Hill we see similar

beds, and on reference to the published sections find a nearly similar

description of the Cephalopoda-bed, the brown sandy limestone-beds,

and the oolitic limestone or freestone. At Leckhampton Hill we
again see these beds, but find on reference to the published works
that they are described as " pea grit," yet they are the same beds
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as at Frocester and Haresfield Hills. If they are called Pea Grit in

one section and something different in the others confusion is created,

and a stranger is likely to fiud it difficult to understand the sequence

of the beds however carefully examined.

The earlier geologists have fully described the Pea Grit and the

beds below, and the extension of the latter from Cleeve Hill to Pro-

cester Hill ; but they appear to have imagined that the oolitic lime-

stone at Procester and Haresfield Hills was part of the freestone

series above the Pea Grit, and that the brown sandy limestone near

the base represented the Pea Grit and ferruginous pisolitic beds of

Leckhampton ; but it will be shown that if the Pea Grit is traced

from Leckhampton to Birdlip, and thence along the escarpment

of the Cotteswolds, it is found to pass over Haresfield Hill on a

horizon 20 feet above the brown beds, and is continuous for several

miles beyond. This is explained by the accompanying diagram (fig. 1).

Dr. Lycett says * " from Cleeve Hill to Birdlip Hill, an extent of

about eight miles, would seem to include the limits of the pisolite upon
the western face of the Cotteswolds;" and, again, "the ferruginous

beds when no longer pisolitic extend southwards in the Cotteswolds

in reduced and constantly diminishing importance ;

" and he mentions

that at Haresfield Hill they consist of " about 12 feet of hard ferru-

ginous sandstone in four or five beds having a tendency to a con-

cretionary structure at the junction of the beds, and at Procester Hill

the hard brown bed which overlies the ammonite bed is the sole

representative of the ferruginous Oolite."

Dr. Wright, in his section at Haresfield, does not aUude to Pea
Grit at aU, although he is describing the identical beds which he has

called " Pea Grit " at Leckhampton ; and in his description of these

beds at Frocester Hill he refers to the shelly and pisolitic seams
which traverse them as resembling those in the Pea Grit—a remark
which, I think, he would not have made if he believed he was
describing beds which he had, in the section of Leckhampton Hill in

the same paper, called Pea Gritt. It is, I think, fair to assume that

neither Dr. Lycett nor Dr. Wright regarded the oolitic limestone of

Frocester and Haresfield Hills as part of the Pea-Grit deposits, and
that the existence of these deposits at Haresfield Hill, 20 feet above

the hard ferruginous sandstone and separated from it by white oolitic

limestone of that thickness, was overlooked by them, neither did the

extension of the Pea Grit over the Stroud area, south of Haresfield,

appear to have attracted their notice ; on the contrary, Dr. Lycett,

in describing the sections of Inferior Oolite at Selsley Hill and Long-
fords, near Nailsworth, directs attention to certain bands or seams
of marl of which the one in Selsley Hill contained Terebratula

plicata, and includes them in the middle or white freestone division

of the Fimbria stage, the Pea Grit of Leckhampton constituting the

lower division J. Ho was evidently unconscious of the extension of

* Cotteswold Hills, p. 38.

t Quart. Journ. Geol. Soc. vol. xii. pp. 294 ei seq.

I Cotteswold HiUs, pp. 39 et seq.

U2
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the Pea Grit so far as Selsley

and Nailsworth, but this exten-

sion is, however, beyond all

doubt. I have traced it along

the escarpment at the follow-

ing points : Painswick Hill,

Horsepools Hill, Haresfield

Hill, Eandwick Hill, Selsley

Hill, and Coaley Wood adjoin-

ing Uley Bury, the last-men-

tioned place being 13 miles

distant from Birdlip ( fig. 1 ). In
the valleys which intersect the

Cotteswolds in the neighbour-

hood of Stroud the beds can

also be traced ; sections of Pea
Grit can be seen at Stroud,

Eodborough Hill, Nailsworth,

Horsley, and in the Golden
Valley above Chalford ; but in

the latter locality the beds are

only pisolitic or, rather, marly
limestone. The section at

Longford's Mill, near Nails-

worth, contains a bed of Pea
Grit in which the grains are in

a soft marly paste, overlying

a bed of pisolitic limestone

charged with several species

of NerlncBa, the whole being

about five feet thick. At Hors-
ley it is a pisolitic limestone

with pockets of Pea Grit ; its

thickness is about three feet.

At Coaley Wood it is reduced
to nine inches, and has lost its

ferruginous character except

at its base, where there is a

thin layer of ferruginous sand.

The three last-mentioned places

are the furthest points from
Birdlip towards the south-west

at which the Pea Grit has yet

been observed. Wherever it

preserves its ferruginous aspect

it presents a striking contrast

to the beds above and below;

and as the difference in struc-

ture is equally striking, there

need not be any confusion in
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accurately defining these beds as well as the oolitic limestone beneath

and the freestone above.

The underlying or basement beds, which I propose to call the

Lower Limestone to distinguish them from the various limestone beds

above the Pea Grit, are to bo seen in numerous exposures on the

slopes of the Cottesyrold Hills, especially where the Cephalopoda-bed

is seen, as at Cam Liown near Dupsley, Coaley Wood, I'rocester Hill,

and Haresfield Hill, also at Birdlip, Crickley Hill, and Leckhampton,

and in most of the valleys near Stroud.

The beds next above the Cephalopoda-bed are usually brown sandy

limestones in two or three beds, varying in thickness from five

feet at Cleeve Hill, near Cheltenham, to seven feet near Stroud and
Frocester Hill. The beds are locally fossiliferous near the base, but

much less so in their upper parts. Upon these brown beds there are

several beds of oolitic limestone, which are well described by Dr.

Wright, in the Frocester-Hill section, as " a coarse, light-cream-

coloured, gritty, crystalline oolite, traversed at intervals by shelly

layers extremely crystalline. A great part of the rock appears to be

composed of the fragments and plates of Crinoidea, the plates and
spines of Echinidse, and comminuted fragments of the shells of

MoUusca." In the upper portion these beds approximate to a

freestone character, and are well described by Dr. Wright, in the

Haresfield section, as " a close-grained freestone resembling the same
bed at Leckhampton, but becoming rather flaggy in the upper part."

There is very slight difi'erence between these oolitic limestones, as

they appear in the sections at Procester Hill and Haresfield Hill, at

Crickley Hill, near Leckhampton, and in the Stroud valleys ; they

preserve the same lithological character throughout, except that at

Leckhampton they appear to be somewhat coarser in structure,

approaching the pisoKtic character, hence their being described in

that section as Pea Grit. One of the beds in the Stroud area is

remarkable for its great thickness ; in several quarries it varies

from 10 to 15 feet, a feature quite unusual in the lower Oolites and
is altogether different from the pisolitic character, which is that of a

rubbly rock. Upon the upper surface of these limestone beds, which
is usually quite plain and somewhat worn, the valves of a smaU
oyster are attached ; they are numerous but not so as to be contiguous.

I have found them in several localities, and they appear to extend

over the whole of the Stroud area.

The thick bed of limestone contains seams of sheUy detritus, and
occasionally rather large rolled grains and small quartz pebbles,

rolled pieces of corals and Bryozoa, indicating a littoral deposit ; but
the general character of the rock is that of a white oolitic limestone.

If the presence occasionally of seams of coarse grains is held to

justify the inclusion of these beds in the Pea Grit or pisolitic lime-

stone, known as the ferruginous deposits, the greater part of the

Inferior Oolite must be so included, because the whole of the beds

contain locally coarse oolitic grains ; this is especially the case in the

Oolite-marl.
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The following sections will show the general character of the

5ds:

—

Section at GricJcley Hill taJcen at the Western end of the Quarry.

(1) Pea Grit.

ft. in.

1. Brown pisolite 4
2. Brown pisolite 3

' 3. Brown pisolite, thickness variable, about 5
'

4. Coarse oolite subdivided by pisolite 7
6. Brown coarse pisolite 5

6. Pisolite beds 11

(2) Lower Limestone.

Four beds of oolitic limestone composed of shelly-

detritus, fragments of spines of Echinida, and
oolitic granules 8 6

Fine-grained oolitic limestone 1 9
Coarse-grained oolitic limestone 6
Coarse brownish oolitic limestone 2 6
Hard brown compact oolite 5

(3) Sandy Limestone.

15.1
ifi I

1
2"

j- Four beds of ferruginous sandy limestone 6 3

ISj

(4) Cephalopoda-bed, not exposed.

In this section it will be seen that the Pea Grit and pisolitic beds

are 35 feet thick, and the limestone beds 22 feet 9 inches and 6 feet

3 inches. The beds 7-10 are persistent over the Stroud area, and

are almost identical in structure with the Crystalline Oolite at

Frocester Hill.

General Section at Buscomhe near Stroud.

ft. in.

1. Freestone 10
2. Pisolite 3
3. Pisolite, pisolites detached 3
4. Freestone with reddish-brown sand in the partings... 10

5. Oolitic limestone, a very thick bed, hard and semi-

crystalline in the upper part, mainly composed of

shelly detritus, fragments of coral, spines, &c.

Upper surface level, covered with small valves of
Osifrea and marks of boring 16

6. Three brown sandy limestone beds 9
7. Cephalopoda-bed

The thick bed (No. 5) may be seen in Standish Park, on the north-

western slope of the hill, also in Horns Yalley, near Stroud, 4 miles

distant.
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Yig. 2.—General Section of the Lower Beds of the Inferior Oolite in

the Stroud Area of the Cottes^volds. Scale Y^y-in.= 1 ft.

Freestone

Pea Grit, 3 ft ''•'-*-i\V{':'''.'v-

( 1

1 1^Lower
Limestone, 25 ft.

^M.'i rr, _ \

i. . [

•^
J

^ ! I

A i '

Ditto, Sandy, 9 ft.

haJopoda-bed, o ft.

Brachiopoda, Conchifera,
Echiaodermata, abundant.

Gasteropoda, rare ; detritus of
encrinites, shells, &c,, in

layers.

Conchifera in the lower bed
locally abundant.

Cephalopoda, Brachiopoda,
Conchifera, abundant. *

As the result of my observation I give the following summary of

these basement-beds (fig. 2) :

—

1. Pea Grit, including the pisolitic beds, well developed in the

Cheltenham area and at Birdlip, becoming thinner at Painswick

Hill, and having a thickness of 3 to 5 feet in the Stroud area,

extending to TJley Bury, where it appears as a thin band having

nearly lost its ferruginous aspect.

2. Several beds of white oolitic limestone having layers of free-

stone alternating with layers of detritus of Crinoidea, Echinida,

and shells, and containing locally small quartz pebbles ; in

places highly crystalline and containing, in the Stroud area, a

bed of considerable thickness—20 to 30 feet.

3. Brown sandy limestones in several beds, locally coarse ferru-

ginous gritty beds, very fossiliferous in the lower portion, lying

on the Cephalopoda-bed—5 to 9 feet.

4. Cephalopoda-bed.

These beds show, on close inspection, that the oolitic structure does

not commence with large pisolites as hitherto supposed. In the

sandy limestones (3) the oolitic structure is almost absent, but in the

overlying white limestone (2) it becomes more apparent, and the

upper beds are still more oolitic and more nearly resemble the free-

stone. The large grains of the Pea Grit come in suddenly and
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show a well-marked dividing line between the pisolitic beds and
those beneath.

If the lithological character of the Lower Limestone differs so

greatly from that of the Pea Grit, its palaeontology presents a still

more striking difference. There are few fossils to be found in the

beds of white oolitic limestone, as the meagre list given below will

show ; but there is a fossiliferous zone in the lowest bed of the sandy

limestone or zone of Ammonites opalinus, although the character of

the rock is such that it is impossible to extract the fossils except at

great cost of time and labour. The upper beds of white oolite have

yielded a few minute Gasteropods, some of them almost microscopic ;

but these are the only results of very diligent search. On the other

hand, a very large number of Gasteropoda, Brachiopoda, Echinoder-

mata, and Conchifera came in with the Pea Grit, many of which are

of large size and peculiar to the deposit ; for instance, the genus

Nerincea is represented by six species, three of which have not been

hitherto described. The advent of so many species of this genus

(Nerincea), and of another species in the Yorkshire oolite of con-

temporary age, is remarkable, if this was the first appearance of the

genus, as stated by Woodward, and furnishes an additional reason

for separating the Pea Grit from the Lower Limestone beneath it.

The following fossils have been collected from the White Oolitic

Limestone.

Ceritella acuta, Mor. Sf Lye.

Cerithium geniculatum, Ter, S^'Jour.

, n. sp.

, sp.

quadricinctam, Goldf.

, var.

, sp.

Monodonta Lyellii, Archiac (young).

Nerita hemisphsei'iea, Homer (young).

Rissoina, n. sp.

Kilvertia, n. sp.

Turbo, sp.

Brachytrema, n. sp.

Discussion.

Mr. Etheeidge remarked upon the difficulty of following the

paper without a knowledge of the district. Mr. Witchell had de-

termined the position of certain new beds, which Dr. Wright and
others had overlooked. He further commented on some confusion

arising from the use of the terms Pea Grit and Pisolite. Most
of the escarpment-sections are obscured by talus. He commented
on the thickness of the Pea Grit at Birdlip, and expressed his belief

of the value and correctness of Mr. Witchell's views for the Stroud

area. He also spoke of the microscopic characters of the fossils of

the beds described.

Mr. HuDLESTON observed that the object of this paper was to de-

scribe an important series whose position had been misunderstood.

Its distinctive character had not been recognized, and it had been

confounded with the Pea Grit, from which it differed both litholo-

gically and palseontologically. Both Dr. Wright and Dr. Lycett, it

seems, had misunderstood the position of this Lower-Limestone series

in the Stroud area. He could thoroughly endorse Mr. Witchell's
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position so far as his experience of the Stroud area was concerned,

and had been much struck with the poverty of the main mass of the

Lower Limestone, except in small Gasteropoda..

Rev. P. B. Brodie spoke of the bone bed at the base of the

Cephalopoda bed at Crickley, near Cheltenham ; and drew attention

to the occurrence of " bone beds " at the junction of one formation

with another.

Mr. Walford remarked that Mr. Lucy speaks of the diminution

of the pisolites vertically at Birdlip. He mentioned the fact of a

ferruginous limestone at Bourton-on-the-Water resting on some
sands above the Upper Lias. He objected to the term Lower Lime-
stone.

The President, whilst expressing regret at the cause of the

Author's absence, observed that it was only fair to Dr. Wright to

remark that some of the confusion with respect to the confounding

of the Pea Grit with the lower beds had arisen since his time. The
several divisions of the Inferior Oolite had been named after what
were supposed to be their principal members.
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21. On two Rhjetic Sectioits in Waewickshire. By the Rev. P. B.

Beodie, M.A'., F.G.S. (Bead February 24, 1886.)

A few years ago a very interesting section of the Bhsetic beds, the

best yet laid ojjen in the county, was exposed in a cutting on the

railway at Summer Hill, between Stratford and Alcester, near the

village of Binton. The line runs nearly east and west ; the strata

are much disturbed at the east end of the cutting, and have a consider-

able dip to the south-east. On the east the Insect-bed, probably the

bottom one of the series, with insect remains, viz. wings of Libellula

and elytra of Coleoptera, is seen, the section dipping towards Binton
Hill, and in that direction, at the extreme end, being on a level with
the line. This is underlain by the firestone and Estheria-hed,

succeeded by a considerable thickness of Ehsetic black and grey

shales, some parts of which are highly charged with pyrites and
loaded with the usual characteristic fossils. A band of blue nodular

stone in the shales probably Tepresents the Pecten-hed. I did not

observe the Bone-bed ; but if any opening had been exposed towards

Bidford, on the" west, it might have been present where the under-

lying New Red Triassic marls come in. Apparently there was no
sandstone, as at Copt Heath, near Knowle, at the base of the shales

with Schizodus cloacinus (Pullastra arenicola) ; but on the whole
these shales are several feet thicker than in any other sections

hitherto exposed in Warwickshire. The Ehgetic fossils are better

preserved here than usual, certainly better than at Wainlode and
Westbury cliffs in Gloucestershire ; many of the shells, though, as

usual, very fragile, retain their test. They include the following

genera and species :

—

Fish-scales.

Avicula coutorta.

solitaria.

Cardium rhjjeticum.

Pecten valoniensis.

Schizodus (Pullastra) cloacinus.

Modiola minima.

Myophoria postera.

Pteromya crowcombeia.
Placunopsis alpinus.

Natica Oppelii.

Trochus ?

Ophiolepis Damesi.

Unfortunately I could not ascertain the exact position of Ophiolepis

in the section even after a careful search, as the specimen was found

in a small piece of dark pyritous shale containing Avicula coutorta

lying loose in the cutting. At Westbury Cliff the original discoverer

of this radiate in England informed me that he obtained it from a

bed of black shale about two inches thick underlying the shales with

Cardium rhceticum, and midway between the Estheria-hed and the

upper of the two large bone-beds. My late friend Dr. Wright
places it in the Cardium-shales just above the upper bone-bed, and

immediately below the grey Avicula-contorta shales. As Avicula

coutorta and another small bivalve are associated with the Ophiolepis

at Summer Hill, it would appear to be somewhat higher up in the

series than at Westbury, and the shale at the latter place is much
harder and darker, and more compact, with no pyrites, than at the
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former localit}'. This characteristic Ophiuroid seems to have a wide

range, having been found in the Rhsetics in South Wales, Gloucester-

shire, Leicestershire, and originally in Germany. It has also been

noticed higher up in the White Lias near Rugby.
Another section, of considerable interest, more recently obtained

was at Snitterfield, a village three miles north of Stratford-on-Avon,

and about seven miles north-east from Summer Hill. Three

rather singular remnants of the Rhaetics were observed, and when I

first visited the spot I found the usual black and grey shales with the

characteristic fossils exposed on the spoil-bank which had been

brought up from excavations made to form a tunnel connected with

the water-supply for the town of Stratford. A tunnel was driven,

and borings carried down to a considerable depth, the deepest being

fifty feet from the surface, in order to form square wells, and in the

heading the conduit was constructed to convey the water from the

brook to the reservoir at a lower level. The upper shaft nearest to

Snitterfield Brook, as seen in the horizontal section before the meeting,

was sunk through a considerable thickness of drift, 46 feet consisting of

blue clay resting on sand and gravel ; the former runs out and disap-

pears at about 200 feet distant from this shaft. In the lower shaft, at

King's Lane, nearest the reservoir towards Stratford, the upper blue

clay is not so thick, and is succeeded by red marl with a thicker

bed of sand and gravel below ; but the total thickness of the drift

there is 48 feet 6 inches. The blue clay contains abundant flints,

pieces of chalk, and stems of Extracrhius. The gravel is made up
of numerous derivative pebbles of quartzite, some probably lower

Silurian, as elsewhere in Warwickshire, and various other old

unfossiliferous rocks, and among them is a fragment of a large Liassic

Ammonite, The gravel is largely quarried near Snitterfield for the

roads, and contains numerous Lias and E-hsetic fossils and similar

pebbles. In both the shafts the drift lies immediately on the

Triassic red marl. A small patch of Rhsetic black shale, nearly

horizontal, was met with in the shaft nearest the reservoir overlying

the Triassic marls.

At the shaft at King's Lane another, but smaller remnant of

black papery shales occurred resting on green marls. The largest

mass of these shales was passed through in the shaft near Snitter-

field. The Rhaetics here appear to have been much denuded and
irregularly deposited. The entire thickness of these shales has not
been ascertained, but probably is not very great for reasons stated.

The green marls contain large nodules of gypsum. I was able to

determine the presence of the Rhaetics at this spot by finding in the

shales the usual characteristic fossils, viz. :

—

Avicula contorta.

solitaria.

, var. falcata*.

Cardium rhgeticura.

Scbizodus cloacinus.

* Not having observed this form anywhere before in the Ehaetics, and
thinking it naight be new, I presented some specimens to the South Kensington
Museum (Natnral History), and my friend Mr. Etberidgo pronounced it to be
new in the British Rhjetic formation.
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The specimens were uumerous as usual, but the species few, and
very fragile ; they were not so abundant or well preserved as at

Summer Hill ; but owing to the small quantity thrown out, there was
less chance of finding many fossils. The only place where I have
observed any limestone with Rhsetic shells is at Brown's "Wood, but no
section is exposed there, the pieces of stone lying loose in the fields.

I have previously * shown the presence of the Ehsetics in other

parts of the county, e. g. at Copt Heath, near Knowle, Brown's Wood
near Henley-in-Arden, and in a railway-cutting nearKineton. The
extension of this series is now indicated still further in a southerly

direction, and it probably regularly underlies the lower beds of the

Lias in their course through Warwickshire.
I am indebted to the kindness of Mr. Willcox, the intelligent

engineer of the waterworks, who is also a geologist, for information

about the tunnel, and for the plan showing the section of the heading
No. 1.

Discussion.

Prof. Boyd Dawkins said that the section at Snitterfield was
precisely similar to one described by himself near Watchet. IS^ear

Watchet the Ehsetics dip at a considerable angle, and are repeated

by faults. The speaker doubted the erosion of the lower beds, and
thought that the appearance of deposition in pot-holes was due to

faulting. So far as he had seen, there was no change of dip between
Rhaetic and Trias such as would indicate unconformity.

Mr. Etheeidoe also had never seen true unconformity between
the Trias and the Ehsetic. The finding of Ophiolepis was most
important, as showing the connexion with the same beds in

Germany.
Mr. UssHEE, from an examination of the relations of the Ehaetic

beds between Alcester and Worcester, pointed out that the tea-

green marls formed, as do the buff marls of Somerset, a definite and
easily distinguishable junction with the red marls, and therefore he

considered that for mapping-purposes they should be included in the

Ehaetic. He did not think the section exhibited by the Author
could be taken as any indication of unconformity ; the only appear-

ance of unconformity he was acquainted with was at Newark, which
a more searching investigation might prove to be otherwise explain-

able. He inquired if the Oardium-7^hceticum shales, to which the

Author has assigned a definite position, were taken to represent the

White-Lias limestones, and whether the top bed (sunstone) was re-

presented in the sections.

The Peesident pointed out that the main question on which diffe-

rence of opinion had arisen was whether there was evidence of the

Triassic beds having undergone erosion before the deposition of the

* " On a further extension of the Ehsetics in Warwickshire, Leicestershire,

Nottinghamshire, Rutland, Lincolnshire, Yorkshire, and Cumberland," ' War-
wickshire Naturalists' Field Club Proceedings,' March 1875.
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Rhaetic ; he asked if the Ehaetic beds seen in the shafts could

possibly have slipped down from the elevations in the neighbourhood,

or whether there was any chance of the Rhsetics being transported

masses in drift.

The Author said the Snitterfield section was drawn below the

surface by a very good engineer and geologist, but he had not him-
self been able to examine all the details. He saw no reason for

believing that the beds were not in place, but he could not speak

quite positively. In reply to Mr. Ussher the Author observed that

the sun-bed (limestone) did not occur in Warwickshire, and was
confined to Somersetshire.
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22. On Glacial Shell-beds in British Columbia. By G. W.
Lamplugh, Esq. (Eead April 7, 1886.)

(Communicated by Clement Eeid, Esq., F.Gr.S.)

Part I. Vancoih^er Island.
Part II. The Fraser Valley.

Part I. Vancouver Island.

Introduction.—Having occasion to remain for nearly amonth in the
' city ' of Yictoria, Vancouver Island, in the autumn of 1884, I had
an opportunity of examining the glacial jDhenomena so finely developed
in the vicinity. Not having foreseen that I should visit this place,

I had not acquainted myself with the geology of the neighbourhood,

so that it was not until after I had left the island that I became
aware of the researches of previous observers ; and, lacking this

knowledge, I spent the greater part of my time in working out for

myself what I might very quickly have learned from others. While
studying the magnificently glaciated rock-surfaces near the city *,

I found it necessary to follow the highly indented coast-line of this

part of the island, and, in doing so, found in two places marine
shells in the Boulder-clay.

The occurrence of shells in these glacial beds has been previously

recorded by Mr. H. Bauerman (Quart. Journ. Geol. Soc. vol. xvi.

p. 198) and by Dr. G. M. Dawson (Quart. Journ. Geol. Soc.

vol. xxxiv. p. 89). The first-named gentleman merely mentions the

presence of " casts of shells {Cardium and Mya) in a yellowish

sandy clay " at Esquimault Harbour. Dr. Dawson, in his excellent

memoir, has a fuller, though still brief account, which I wiU give in

its integrity as I believe that it includes all that is at present

known of the subject. I will afterwards add my own observations,

which I hope may be found to increase the stock of our knowledge
by the addition of many particulars, which though perhaps of no
great importance, are yet instructive and, for the purposes of com-
parison, even necessary to us. In the second part of my paper I
shall be able to prove a considerable submergence of the Fraser
Valley during glacial times, by recording the presence of marine
shells in drift-beds more than 50 miles above the mouth of the river.

Br. G. M. Dawson's Description.—Dr. G. M. Dawson in de-

scribing the glacial deposits of south-eastern Vancouver, gives the

following account of the shells :-

—

"Mr. Bauerman mentions the occurrence of casts of Cardium
and Mya in these deposits, an observation which for a long time I

was unable to confirm ; but eventually several localities were dis-

covered where molluscous remains are tolerably abundant. These

* For some record of my observations on these glaciated rocks see ' Proceed-

ings of the Yorkshire Geological and Polytechnic Society ' for 1885, vol. ix.

pt. 1, pp. 57-70.
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shells were not noted in the lowest portions of the drift. They are

generally contained in hard fawn-coloured sandy clay, almost with-

out stratification, and are frequently quite decayed and crumbling,

though found with the valves united in the position of life. Granitic

fragments included in the clay are also very frequently more or less

decomposed, and sometimes completely rotten, showing that car-

bonated surface-waters here long acted on the mass since its ele-

vation. This action may probably account for the comparative

scarcity of the shells, while its continuance for a period somewhat
more prolonged would without doubt have resulted in their total

removal. The beds so affected are at a height of only a few feet

above the sea ; and this, coupled with their resemblance in texture

to many inland drift-deposits, suggests one means of accounting for

the apparently complete absence of marine remains over areas which
on other evidence appear undoubtedly to have been at one time

submarine, but which from their elevation must have been much
longer exposed to the percolation of surface-waters.

" The following species have been recognized among the fossils

hitherto found :

—

Cardium islaudicum.

Leda fossa.

Saxieava rugosa.

Natica clausa (probably).

Balanus crenatus (probably).

" In localities where the upper sandy and gravelly layer of the drift

is not developed, the change from deep-water to littoral conditions

appears to be marked by the rather sudden introduction of car-

bonaceous matter, changing the clayey deposits from their usual

pale tints to dark brown. In some places the marine shells, and
especially the Cardium above named, appear sparsely in the highest

layers of the pale clays ; while in other localities, near the present

shore-line, the lowest layers of the shell-heaps, and burnt stones

used by the Indians in cooking, coincide with those of the brown
earth, showing apparently that the last movement of elevation by
which the land attained about its i)resent level was rather sudden,

and that habitation by a race resembling the present natives followed

closely on the termination of the glacial conditions.

" The general appearance of the deposits of this part of Van-
couver Island, resting, as they do, on planed and polished rocks

perfect in every detail and necessitating glacier-action for their

explanation, and yet consisting of water-bedded and often current-

driven materials mingled in places with sea-shells, leads to the

belief that they were formed along the retreating foot of a glacier

which had extended some distance beyond the margin of the land.

The withdrawal of the ice may have been caused or accompanied
by subsidence ; and some species of shells must have followed its

front pretty closely in its retreat. The somewhat irregularly

terraced form of the deposit is probably due to action during emer-
gence ; and the general tendency of many facts is to show that a
slight sinking of the coast is at present in progress or has lately

occurred."
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Glacial Shell-beds at Esquimault, V. I.—Proceeding now to my
own observations, I will first describe some sections I examined at

Esquimault, Y. I.

Esquimault is a small village about four miles west of Victoria,

so favourably situated on a deep land-locked inlet, known as Esqui-
mault Harbour, that it has been selected by the British Govern-
ment as the site of their chief naval station in the North Pacific.

To increase its utility in this direction the construction of a large

dry dock was commenced some time ago on the eastern shore of the

peninsula on which the village stands ; and though at the time of

my visit work was suspended, owing to the failure of the contractors,

it had so far progressed that the excavation was nearly completed,

almost the whole of the floor-bed laid, and the side-walls partly

raised.

As the bottom of the excavation was from 20 to 30 feet below
high-water mark, the sections exposed possessed peculiar interest,

an opportunity being afforded for studying the beds below sea-

level. It was seen that the dock had been excavated along a deep
narrow fissure in hard igneous rock, which had been partially filled

in and hidden by drift-deposits. The rock was probably a diorite,

and the drift consisted, in its lower portion, of a confused mass of

gravel, sand, and glacial clay, passing upwards into hard sandy
tiU.

The excavation had been carried on chiefly in the drift-beds, but

touched the rock on either side, and also at the landward end of

the dock, where the fissure became so narrow as to necessitate the

quarrying of its walls.

The bottom of the fissure was not reached, and there remained an
unknown thickness of drift below the floor of the dock, a sump-hole

sunk down 10 feet from the lowest level being still in clay and
gravel*. Along the sides of the fissure the surface of the rock,

whether vertical or horizontal, was everywhere beautifully glaciated,

except near the entrance to the dock.

The dock has been excavated in a direction slightly crossing that

of the gully, which seems to run about W.S.W. and E.N.E. The
rock outcrops above the surface and rises in a steep broken ridge

close to the northern edge of the excavation, thus marking the limit

of the fissure in that direction ; while on the other side, though the

ground in the immediate vicinity remains low and is much obscured

by buildings forming the village, and by dump-heaps, there is reason

to think that the rock lies not far from the top.

Before these works were commenced, the sea must have en-

croached somewhat on the drift-beds in the gully, so as to form a

short inlet into the land, there being a layer of recent shells and

other marine remains above the drifts over the greater part of the

sections.

Work having been suspended for some time, the whole of the

sections were somewhat obscured by talus ; but that which crossed

* This information was given to me by the engineer.
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the landward end of the dock was clear except at the base, and was
as shown in fig. 1.

Fig. 1.

—

Section across the Landward End of the Dry Doch^

Esquimault. Scale 1 inch= 40 feet.
S.S.E. N.N.W.

A Surface. B

Bottom of Dock.
a. Top soil.

b. Boulder-clay with scratched stones : boulders most plentiful in the upper part
of the section, where the clay has weathered to a yellowish grey ; below, it

is of a bluish-grey tint, and admits streaks of sandy and silty matter (c c)

;

shells occur scattered through the lower portion of this section and in c c.

d. Hard green dioritic (?) trap, with its surface everywhere beautifully striated

grooved, and polished.

There was also another excellent section in the recess which
forms the entrance-basin on the north side of the dock, and shells

were more plentiful and less disturbed here than in any other part

of the excavation. The upper part of this section showed stony

Boulder-clay of the usual character ; but this seemed to pass down-
wards into a softer clay, which contained few stones and showed
traces of bedding and streaks of sand and gravel. Irregular seams
of shells ran through this part of the section, chiefly bivalves with
the valves united.

The lengthwise sections were much obscured, but showed shelly

Boulder-clay resting, in places, against the sloping sides of the gully

on very highly glaciated surfaces, and overlain by the recent sea-

bottom, which rose up with a gradual slope from the dock-entrance^

where it was about 20 feet below high-water mark.

Across the mouth of the inlet, just within the construction-dam,

there was a deep trench which reached a lower level than any
other part of the excavation ; its section showed nothing but hard
sandy till overlain by the recent sea-bottom, here forming a bed of

shells two feet thick, many being bivalves of large size. The till,

though it did not actually contain shells, was full of little

cavities from which shelly matter had been removed, and which
could be easily identified as casts of shelLs of the same species as

those found in the other sections.

The Shells.—In their general characteristics these sections did not
differ from many to be found along the neighbouring coast-line where
drifts overspread or fill up crevices in the solid rock, excepting in the

presence of shells. But up to this time I had not found a single

shell or shell-fragment in glacial l^eds, while in these sections

they were present in abundance ; they were most plentiful along

the northern side of the excavation, being most numerous in the

Q.J.G.S. No. 167. X
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sandy and clayey streaks already mentioned as occurring in the

recess near the dock-entrance, and seeming to become gradually

scarcer both vertically and laterally as these beds were left. At
the landward end of the dock they occurred sparingly in the lower

part of the section, scattered through a stony clay with scratched

boulders, and were absent altogether from the upper portion, which
rose somewhat above sea-level.

On collecting them I soon found that though they were numerous
as individuals, only a few species were represented, some of which
were well known to me from my researches amongst similar beds

on the coast of Yorkshire. The first collection which I made
I was obliged to discard, as I found that I had not been careful

enough in discriminating between the glacial shells and those from
the overlying recent sea-beach which had sometimes been washed
down over the sections. Afterwards, taking none except such as I

could be certain were imbedded in the clays, I collected the speci-

mens from which the following list has been compiled, the deter-

minations having been kindly undertaken by Mr. Clement Eeid, of

H.M. Geological Survey, and Mr. Edgar Smith, of the British

Natural History Museum.

List of Shells from Glacial Beds at Esquimault, V. L

Mytilus, sp. (imperfect).

Leda buccata, Sieenstr.

arctica, Gra?/.

pernula, Mull.

Nucula inflata, Hanc.
Cardium islaudicum, Linn.

groenlandicum, Chemn.

r. Telhna edentula, Brod. ^ Sow.

Mya truncata, Linn.

arenaria, Linn.

c. Saxicava rugosa, Linn., and var.

arctica.

Chiton (Katharina) truncatus,

Wood (— C. sitkensis).

? r. Purpura lapillus, Linn.
r. Buccinum inexhaustum, Verkril-

zen.

c. Ealanus porcatus, da Costa, var.

Polyzoa.

Spirorbis (on pebbles).

Notes.—The shells which were most abundant are marked c, those

which were rarest, r.

I am not quite certain that Purpura lapillus belongs to the

glacial beds ; I only found one specimen, and this under somewhat
doubtful conditions.

It will be noticed that Leda fossa, which is one of the four species

mentioned by Dr. G. M. Dawson, is not included in this list. I

asked Mr. Eeid if he could find this shell amongst the rather

numerous Ledw I submitted to him, and he replied "There is

nothing approaching Leda fossa in your collection."

In some of those parts of the section which lay below sea-level,

where the clays were still saturated with moisture, these shells

were found in a very excellent state of preservation, the valves

being united and firmly closed as in life, the interior almost or

quite empty, and the outer Qase of the external ligament and the

brown epidermis of some of the species still remaining. Indeed, I

found specimens which looked fresher than the shells in the overlying
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recent deposit, which were already beginning to crumble under the

influence of the sun and the weather ; and at first I had serious

doubts whether such specimens might not in some way have worked
down into the bed from above; but I soon saw that this was
quite impossible, and, moreover, that most of the species were not

represented in the newer deposit. As the shells dried, this " bloom "

passed off, and they faded into rather brittle fossils.

This remarkable state of preservation, which was most marked in

the seams where the shells were most abundant, was confined to

beds which lay some depth below the surface. Upwards the shells

became scarcer and more weathered, and they finalty disappeared

about 10 feet from the surface, so that in the upper portions of the

deeper sections there was not a trace of them to be seen. I could

not quite decide whether their absence in these cases was entirely

due to the decay of the shells, or whether they had never really

been present in the topmost layers of the Boulder-clay. There is

some reason for entertaining the latter view, for in the section

across the entrance to the dock, though, as already mentioned, no
shells were to be found in the Boulder-clay, their former pre-

sence was clearly demonstrated by their empty casts in the clay

;

whereas in the higher sections no similar casts could be found. It

is possible, however, that in this case casts may also at one time

have existed, but have been gradually filled in and obliterated by
the weathering of the clay and the percolation of muddy waters.

Dr. Dawson has pointed out the reason for the great difference

in the condition of the shells, in one of the passages quoted at the

commencement of this paper. The thick forest-growth which has

for ages clothed almost every foot of dry land over the whole of the

island has accumulated a variable but persistent layer of vegetable

soil which has yielded solvents to the waters passing through into

the clays beneath, so that wherever there has been a circulation of

surface-water through the drifts, the shells and also many of the

smaller boulders of felspathic rocks have been softened and
crumbled or altogether removed ; but where the clays below the

surface have stood lower than the sea-level, they have been below
saturation-line, and there has consequently been little or no perco-

lation through them. The low-level section near the dock-
entrance is a seeming exception ; but in it the clays are at the

surface, though below sea-level, and it is probable that there has
been a slow passage of waters through the upper few feet of the

clay, while the decaying matter in the mud of a sea-bottom crowded
with life would no doubt furnish acids enough to destroy the

shells.

It would be difficult to find a clearer demonstration of the intense

effect of slightly varying conditions on the preservation of organic

remains, nor a more striking illustration of the manner in which
beds have been denuded of their fossils, than is yielded by these

sections ; for here might be found, within the space of a few yards,

shells so fresh that it would have been easy to believe that the

mollusk was still within, others so soft ^ud decayed that they
x2
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migM be rubbed to a paste between the fingers, and others, again,

from which every particle of shelly matter had been removed, so

that there remained only the casts in clay ; and yet they were pro-

bably all living at the same moment, have all been imbedded
in the same matrix, and have diFered only in their distance from
the surface.

I think it is probable that the beds in which the shells were so

admirably preserved have not been elevated above sea-level since

their deposition.

In spite of the position and condition of these shells, I do not

think any I found in these sections were in place, that is to say,

have lived where they occurred, though I dare say that the descrip-

tion of the beds which I have given above will not be thought to

bear out this conclusion very satisfactorily. Yet such was the im-

pression given me by a careful study of the beds, and I believe

that the whole mass of drift, including the shells, has been pushed

up into the gully by ice in its passage southward across Esquimault
Harbour, It is possible that a truly marine deposit may still

exist in the deeper recesses of the gorge below the dock-floor,

and I was at first inclined to think that some of the stratified

seams I examined might form part of such a bed; but as these

appeared to be mere patches in till, the shells occurring in nests,

and as the bedding dipped steeply towards the adjoining rocky

cliff—unlikely conditions in a sea-bottom—I think it is safer to

consider that the whole of the sections seen have been disturbed

and removed by ice. Indeed, if this conclusion be not accepted, I

see no other alternative than to regard il;e whole mass of drift

exposed in these sections as of marine origin, since the shells were
not confined to the bedded portion, but were scattered through the

unstratified mass also, and no line could be drawn between the

shelly and shell-less clay.

So far as the irregular distribution of the species was concerned,

I might have been examining sections in Yorkshire such as I de-

scribed to the Society two years ago *
; in fact, in many particulars

there was an extraordinary similarity to the English beds, so that

one had occasionally to look at the surrounding landscape to dispel

illusions. Leda occurred in one place, Niicula in another, and

Cardium and Saxicava everywhere, just as at Bridlington.

Balanidae coated many of the smaller pebbles, and had sometimes

grown so large and thick as quite to overshadow and hide their

foundation, but they were often on the underside of the pebble as

it lay in the clay and not in the attitude of life. Some of the

pebbles which were thus coated were angular chips of rock re-

sembling that found in the neighbourhood. Except in the stratified

seams the shells were scattered at random through a rather loose

blue-grey stony till (which weathered to a pale yellowish brown at

the top), sometimes in separate valves, sometimes with valves

united, in the latter case often crushed together and broken.

Boulders were decidedly more plentiful and larger in the upper than

* Quart, Journ. Geol. See. vol. xl. p. 312.
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in the lower portions of the sections, and in the lowest beds seen

there were only a few small pebbles, and I could find no shells.

But although the material of which these beds was composed

has, in my opinion, been dislodged and pushed forward by the ice,

it is difficult to believe that these shelly clays have been the instru-

ment with which the ice has ground and polished the underlying

rocks, or that they have formed the moraine profonde when this

work was being done. I did find instances of rock-grooving

in the district in which the substance which lay directly over the

polished surface had almost certainly been the means by which
the effects were wrought ; but this was always a hard sandy grit

pressed almost to the consistency of rock, whereas in these sections

the material which rested on the glaciated surface was usually the

most incoherent part of the drift.

If the neighbouring ground were stripped of its glacial deposits,

the fissure, which has probably resulted from the weathering and
scouring of a deep master-joint, would be found to cut nearly or

quite across the little peninsula separating Esquimault Harbour
from Royal Bay. It would be hemmed in on both sides by higher

ground, the rocky ridge across the neck of the peninsula east of

the village reaching a height of over 100 feet above sea-level,

whilst immediately to the west there is hard ground from 50 to

70 feet high. In the low cliff on the outer or western side of the

peninsula there is a section showing a narrow crevice in solid rock,

filled in with hard glacial clay containing no shells, which may
form the prolongation of this gully, though a little out of the

line. The waters of the harbour have a depth of from six fathoms

in the basin to 9 fathoms at the entrance, while just off the

coast in Hoyal Bay there is a depth of 30 fathoms, with a con-

tinued downward slope into the Straits of Juan de Fuca which
separate Vancouver Island from the mainland, where the depth

exceeds 100 fathoms. There must at some period in glacial times

have been a great thickness of ice in the neighbourhood, as Mount
Douglas, which lies six miles to the north-east, is 696 feet high, and
shows signs of glaciation to its summit.

As already mentioned, the rocks forming the sides of the fissure

were beautifully striated, grooved, and polished, both on their

vertical and horizontal surfaces, the striae running nearly in the

direction of the walls, and, where these were vertical, rising

along them with a slope of about 30°. This shows that the ice

must have moved in from the lower ground now forming the

harbour, and have passed up the gully in crossing the peninsula on

its way to Eoyal Bay, and in doing so it must have exerted immense
pressure on the walls of the fissure. There was an exception, how-
ever, to the general glaciation in the steep face of rock abutting on
the Boulder-clays on the north side of the dock near its entrance

;

for here there were no striae, and the surface of the rock was quite

rough and irregular. At this point the gully is wide, and the

opposite waU low and hidden ; and it seems as though the pressure

had been focussed, as it were, on the narrower part of the gorge.
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It is noteworthy that it was in this, the most sheltered part of the

section, that the shells were most numerous and best preserved, and
that the drifts showed the greatest tendency to stratification.

The glaciation of the rock-surfaces could not well have been
wrought when the gorge was choked with these deposits, and it

seems clear to me that it must have taken place before the depo-

sition of the shelly clay. As the shells bespeak open water, it is

therefore probable that there has been a period of intense glaciation

followed by a withdrawal or partial withdrawal of the ice, during

which an arctic fauna established itself in the waters of the neigh-

bouring fiord, after which the ice has again returned, pushing the

sea-bottom up before it, and driving this, mixed with its own
detritus, into the position in which we now find it. The distance

traversed need not have been more than a few hundred feet, though

it is possible that portions may have been carried much further, and
in their passage have lost all traces of their marine origin.

SJiell-bed in SJioal Bay.—The second locality in which I found

shells in the drift was in Shoal Bay, or M'Neil's Bay as it seems

to be called by the dwellers in the neighbourhood, a little recess in

the coast east of Victoria, a short distance beyond the city limit.

Here, near the middle of the bay, I noticed shells in streaks of

stratified clay amongst grey Boulder-clay on the beach just below

high-water mark, close to the foot of the low cliff ; they were
badly preserved, and I found no species save those already recognized

at Esquimault.

Part II. The Phaser Valley.

Leaving Vancouver Island I crossed over to the mainland of

British Columbia, and, while walking down the right bank of the

Fraser river, I observed marine shells in beds of glacial age some
distance from the coast. Following the course of the then unfi-

nished Canadian Pacific Bailway, I crossed the Harrison river near

its junction with the Eraser. Just beyond, the line makes a detour

to the north, to avoid a steep mountain which abuts directly upon
the Eraser below the junction of the rivers. This mountain appears

to consist of massive igneous rock, but at its foot, along the banks

of the Harrison, is a great accumulation of detrital beds, through

which the railroad has been carried by a series of cuttings.

Eig. 2.

—

Section in Railivay-cutting on West Banh of Harrison River,

British Columbia. Length about 50 yards, height 30 ft.

A. Eed clay, with angular stones, resting unconformably on

—

B. Bedded silts with sand, containing crushed shells, sandy at top *.

In one of these cuttings, where the section was as shown in fig. 2,

I noticed some thin streaky layers of crushed shells. These shells

'- The lines of shading in this woodcut do not represent the bedding-planes of
the silts, which had only a low dip.
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were all so shattered that, at the time, I was not certain of their

marine origin, but subsequent examination has proved this beyond
doubt.

The stratified clay in which the shells were found contained no
pebbles, and, though somewhat disturbed, had evidently been de-

posited where it occurred. A large and beautifully striated boulder

of grey granite (10 feet x 4 x 6) lay at the foot of one of the

sections, and seemed to have slipped out of the clays, but I saw no
such boulder in place. The red clay full of rough angular stones,

which capped the section, was probably of glacial origin, but might

have been an accumulation of talus shed from the steep mountain-
slope behind the section.

A little further north there was another cutting about 40 feet

deep, in which the section exhibited differed considerably from that

shown in fig. 2. It showed

—

A. Rough angular debris of variable thickness, overlying

B. Thin seam of cross-bedded silts of limited extent, cut out in

either direction by A, overlying

C. Stratified gravel with glaciated blocks.

Here I could find no shells, nor could I be certain that the silt

was the same as in the previous section, though the evidence greatly

favoured this view.

The next cutting, 100 yards further north, showed nothing but

hard till, in a section 50 feet deep.

A little way beyond this, the section (about 60 feet) exhibited

only well-bedded and waterworn gravel, through which ran a thin

seam of silt, overlying hard stony blue till.

Further on, the upper gravel of the last section became rough and

angular ; and then an outstanding bluff of the solid rock jutted out

to the river, and through this the road had been quarried. At the

other side there were no drifts to be seen on the mountain-slopes

near the railway, and it seemed to me that the bluff had sheltered

the deposits behind it and preserved them from denudation.

Where the shells were found, the height of the railroad above the

Harrison river is about 40 feet, and as the Eraser at its junction

vrith the Harrison is not less than 55 miles from its embouchure,

these beds cannot be less than 100 feet above sea-level.

The weather was so very wet at the time of my visit that I did

not attempt to investigate the bed or trace out its extent, except so

far as this could be done from the railroad, as the thick forests

which covered the ground on all sides—difiicult to pass through at

any time on account of the underbush—were extremely disagreeable

to go into after so much rain.

Some of the crushed shells which I brought away with me I have

submitted to Mr. Clement Reid, and he has recognized amongst

them fragments of the following :

—

Saxicava rugosa.

Tellina, sp.

Mytilus, sp.

Balauus, sp.

Foraminifera (undetermined).
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Discussion.

The Peesident said that probably some geologists would find it

difficult to accept the Author's explanation of the presence of the

shells in the Eoulder-clay.

Mr. Clement Eeid remarked on the great clearness of the paper,

and bore testimony to the close analogy between these deposits and
those of Holderness. A new point in the paper was the similarity

of the glacial faunas of Vancouver Island and Holderness, whilst

the present faunas of the Atlantic and Pacific are so different, show-
ing that an Arctic fauna had been driven southwards into both

oceans. He quite corroborated the Author's views as to decalcifica-

tion, but declined to discuss the question of the origin of the Boulder-

clay.

Dr. Hinde commented on the undoubted fact of the former exist-

ence of glaciers in this district ; but whether the transportation of

the shelly clays took place at their second advance after a mild

interval, the evidence seemed hardly sufficient to determine.

Prof. EoNNEY was sensible of the value of the paper, but thought

that the Bridlington beds differed from those described in being

portions of masses transported in a frozen condition. He thought

it impossible that the shells would have escaped destruction on the

Author's theory. He instanced the case of the neighbourhood of

Montreal, where a true Boulder-clay overlying ice-worn Trenton

Limestone may be traced into a sandy deposit crowded with
Saccicava, &c.

Prof. Seeley had found shells in the Boulder-clay of Norfolk and
Cambridgeshire, all of which, when not broken, were abnormally

thick.

Mr. Robert Bell remarked on the fact that nearly all the speci-

mens were bivalves, and a large number of them in pairs.

The Peesident regretted the absence of Mr. Bauerman, who was
personally acquainted with the locality described in the paper.

i
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23. Account of a Well-sinking made hj the Great Western Rail-

way Company at Swindon. By Horace B. Woodward, Esq.,

F.G.S. With Lists of Eossils by E. T. Newton, Esq., E.G.S.

(Read March 10, 1886.)

(Published by permission of the Director General of the Geological Survey.)

1. Particular account of Well.

2. Lists of Fossils.

3. Remarks on Strata.

4. Saline Waters.
5. Fresh Water.
6. General Conclusions.

1. The Great Western Railway Company being desirous of obtaining

a good supply of water for use in their locomotive and stationary

engines at Swindon, determined, in 1883, to sink a well. The spot

chosen for this undertaking is on the northern side of the railway,

and at the western end of the Company's works.

Two shafts have been sunk, very close together—one known as the

South Well, to a depth of 246 feet, and the other as the Xorth Well,

to a depth of 736 feet 2 inches. The details of the strata passed

through in the two sinkings, to the depth of 246 feet, are practically

the same, the shafts being 8 feet in diameter and sunk the entire

depth. The object of the additional shaft was for convenience in

pumping and in carrying away the material excavated. The surface

of the ground is 329 feet above the Ordnance datum.

The formations proved in the jN'orth Well are as follows (see sec-

tion, p. 296) :

—

ft. in.

Made ground 8
Kimeridge Clay 64 1

Corallian beds 40 1

Oxford Clay and Kellaways Rock .... 572 9

Cornbrash 18 3
Eorest-marble 33

736 2

From a practical point of view this well has not been altogether

successful ; for, although the promoters did not actually get into hot

water, they tapped a supply of luke-warm and very saline water.

The Corallian beds, which occur between the depths of 72 and
112 feet, yielded the first supply of water, which issued at the rate

of about 1000 gallons per hour; but neither in quality nor in

quantity was it deemed satisfactory. It contained 144 grains of

saline matter per imperial gallon.

Water again was met with at the depth of 730 to 736 feet,

rising from the Forest-marble at the rate of about 2000 gallons per
hour, and having a temperature of 64° E. This water, unfortunately,

proved to be much more saline, containing over 2000 grains per
imperial gallon, and was therefore utterly unfit for use in the loco-

motive and stationary engines.
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The influx of water put a stop to further sinking. For a time it

was pumped away, but since Christmas 1885 the pumping has been

discontinued, and the water, which had been kept at 253 feet from
the surface (or 483 feet from the bottom of the well), rose even-

tually, on February 4, 1886, to within 25 feet of the ground-level,

or about 304 feet above Ordnance datum.

Early in 1885 the Great Western Railway Company sought advice

at the Geological Survey Office concerning the prospects of finding

fresh water by deepening their well, and in February of that year

Mr. Newton and myself paid a visit to Swindon to examine the rocks

and fossils which had been preserved. A large number of specimens

had been carefully arranged in a room, with the depths marked on
them, and a diagram had been drawn to show the nature of the

strata passed through. And these as well as note-books were most
kindly placed at our disposal by Captain William Dean, under whose
directions the works were conducted. Eventually a large number
of fossils, which Mr. Newton desired to examine more minutely,

were sent to the Museum in Jermyn Street.

Particulars of the strata in the upper part of the well-sinking

were recorded by Mr. W. H. Stanier, and in the lower part (below

460 feet) by Mr. A. E. Elliott, to both of whom we are greatly in-

debted. The accompanying statement, however, while mainly based

on the information furnished by the Great Western Eailway Com-
pany, embodies all the notes made from a personal and independent

examination of the fossils and of the many samples of rock.

Well at Geeat Western Railway Works, Swindon.

[Prepared in great part from Notes furnished by Messrs. W. H.
Stanier and A. E. Elliott.]

Thickness. Depth.

ft.

"

'

Made ground 8
/'Bluish-grey clay, with Ammonites, Belem-

I

Qiites, &c.
;
grey clay with shells, at depth

I

of 12 feet 42
Kimeridge |

Pale grey shelly limestone, Ostrea dcltoidea .

Clay. •{ Grrey and brown earthy limestone, with
patches of iron- shot grains, lich in fossils

Hard brown calcareous muddy clay 2
Bluish-grey clay, with seam of grey shelly

clay 2 feet from bottom 19
/Alternate beds of hard, light-grey, compact,

marly limestone (shelly in places), and
thin irregular seams of clay 10

Dull grey marl
Compact pale grey limestone, with shelly

layers and bands of pale grey marl
Clay 3
Alternate beds of clay and grey gritty lime-

Corallian stones, shelly in places, and irregular;

beds j about six bands of rock and five of clay,

("Coral ' from 6 inches to 1 foot in thickness 7 3 93 11

Rag)." Clay, dark and sandy on top, with seara of

stones (? nodules) about the middle 4 97 11

in. ft. in.

8

1

50 a
50 1

6 50 7
52 7

6 72 1

4
10

82 5
83 8

5 83 8
86 8
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Oxford
Clay.

Hard and rather compact grey limestone,

shelly and oolitic in places, cavities lined

with calc-spar ; and calcareous grit, -with

clay between seams
Sand and slightly calcareous clay, greyish-

brown oolitic sandy marl, and hard grey
marl with Ammonites

Clay, with grey gritty and slightly micaceous
marl, at depth of 120 feet

Hard clay

Shaly clay (water-bearing), with slightly cal-

careous rock, at depth of 140 feet (? Sep-
tarium)

Hard clay

Clay, dry, with calcareous gritty rock at

depth of 145 feet, and soft grey shelly cal-

careous and sandy rock at 160 feet

Clay
Uneven layers of rock
Clay, with Septarium, dense pale bluish-grey,

sparry, argillaceous limestone, at 155 feet

3 inches

Eock (probably Septaria)

Clay

j
Eock (probably Septaria)

Clay, details not recorded "^

„ indurated shelly marl at depth of 226
j

„ ft. Septaria with Nautilus at depth of I

„ 434 ft. elongated Septaria with iron
{

pyrites at 456 feet |

„ Septaria at 460 feet )
G-reenish-grey shelly clay with Septaria

Clay
Septaria

Clay
Sepraria (one specimen 5 feet in diameter
by 1 foot)

Dark bituminous clay

Septaria

Clay
Septaria

Clay
Dark clay, full of small bivalves

Grey clay with shells

Very dense clay, entirely free from fossils . .

.

Hard light grey shelly clay

Laminated clay

Dark laminated greenish-grey clay, with few
fossils

Septaria

Clay
Greenish-grey clay, shelly in places

Dark grey clay, shelly in places

Grey and brown laminated shelly clay

Septaria, shelly, and containing lignite

Dark greenish-grey laminated shelly clay ...

Greenish-grey gritty marl with bivalves

Greenish-grey shelly clay

Sandy clay, with few fossils

Thickne
ft. in.

5 10

8 5

20 6
4

3 6
3

8 10
1 6

6

2 6
8
4
8

420 10

6
2

4
4

2 11

4

3 6
6

1 2
3 10
8

Depth,
ft. in.

103 9

112 2

132 8
136 8

140 2
143 2

152
153 6
154

156 6
157 2
157 6
158 2

579

679 6
581 6
681 10
582 2

582 5
683
683 3
583 8
683 10
686 9
687 1

691 9
595
600
604 3

607 9
608 3
609 5
613 3
621 3
622 9
623 3
629 7
630 2
631 7
631 10
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Kellaways
Eock.

Dark laminated clay, with few fossils

Greenish-grey shelly clay (with Perna), and
dark unctuous clay

Dark greenish, unctuous, shaly clay, shelly

Slightly calcareous sandstone and grey gritty

rock, with loose sand and clay, rich in

fossils and iron pyrites

Dense laminated and slightly sandy clay,

with few fossils, and Septaria (containing
water). The lower poi;tion of this stratum

(1 foot) shows a decided change to sand...

Greenish-grey gritty sandstone, with few
fossils

Greenish-grey calcareous sand8tone,few fossils

•{ Greenish-grey clay, shelly in places

Dark greenish-grey, unctuous, shaly clay . .

.

Soft greenish-grey sandstone
Greenish gritty clay

Hard, greenish-grey, calcareous sandstone,

fossiliferous

Greenish-grey calcareous and gritty clay,

shelly in places

Greenish -grey sandy clay and gritty bed,

shelly in places ,.

Greenish calcareous sandstone, with mass of

shelly rock

Greenish sand-rock and loose sand, with
clay-seams, shelly in places

Greenish gritty sand-rock and loose sand . .

.

Dark grey, laminated clay, shelly in places...

Dark grey, laminated clay, shelly n places,

with nodules of iron pyrites

\^ Grey gritty rock and loose sand
/'Hard grey shelly limestone and dense grey

I
and somewhat gritty limestone, with layer

•Cornbrash. \ of sandy marl (4 inches) 8 feet from base,

I

and layer of dvdl grey clay, with shells, at

l^ depth of 702 feet

f Clay, with a trace of fossils ; marly oolitic

bed with ochreous galls at depth of 705
feet, and hard greenish-grey marl at 708
and 709 feet

Clay
Grey shelly oolitic limestone

{ Grey marl

j

Grey shelly oolitic limestone

I

Hard marl, with band of shelly Hmestone

;

fragments of lignite

IClay

I

Pale grey earthy and shelly limestones

l^Grey shelly marl

The boring was ultimately (December 23rd, 1884) carried

to a depth of

Thickness.

ft. in.

6

2 3
3

Depth.
ft. in.

637 10

2 5

3 3

7 11

2
7
6

1 5
1

3 2

1 4

1 2

1 5

4 1

1 2
7

5 4
10

18 3

[Forest-

marble
(base not
reached).

640
640

642 9

646

653 11

655 11

656 6
657
658 5
659 5

662 7

663 11

665 1

666 6

670 7
671 9
678 9

6
684 11

703 2

8 4 711 6
4 OJ 716 6^
1 ^i 716 10
2 1 718 11

2 8 721 7

2 4 723 11

4 10 728 9
2 730 9

3 731

736 2
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2. Notes on the Fossils obtained from the Well-sinking at Swindox

By E. T. Newton, Esq., F.G.S.

KiMEEiDGE Clay.

From 8 feet to 72 feet, Kimeridge Clay was passed through, but,

only a few fossils were collected : thus between 10 feet and 16 feet

Hhynchonella inconstans, Sby., Ammonites cordatus, Sby., and Ostrea

deltoidea, Sby., were noticed ; at 45 feet Astarte and Thracia de-

'pressa, Sby., and from 45 feet to 52 feet Belemnites were met with.

The earthy Limestone-bed with iron-shot grains, between 50 feet

and 501 feet, yielded :

—

Pecten lens ?, Sbi/.

Perna, sp.

Ostrea deltoidea, Sby.

Astarte, sp.

Myacites recurvus, Phil.

, sp.

Pholadomya protei ?, Ag.

Ammonites cordatus, «S%., var. ex-

cavatvis, >by. (=A. serratus, Sbt/.).

rotundus, Sb?/.

varicostatus, Buckl.

Coral Rag.

The series of alternating beds, from 72 feet to 112 feet, probably

represent the " Coral Rag," but no determinable fossils were ob-

tained from them, although there are indications of shells and pos-

sibly Echinoderm spines.

Oxford Clay.

The beds from 112 feet to 685 feet are, no doubt, correctly re-

ferred to the Oxford Clay ; but the occurrence in the lower parts of

Ammonites Kosnigi, and of an Ammonite which cannot be distin-

guished from some forms of Am. calloviensis, would seem to indicate

that these lower beds may be the equivalents of the Kellaways Rock.
For convenience of comparison, the fossils have been divided into

groups corresponding to changes in the nature of the strata.

From 112 feet to 400 feet, chiefly clay :—

Gryphaea dilatata, Sby.

Pecten, sp.

Pinna mitis, Phil.

Area, sp.

Goniomya v-scripta, Sby.

Myacites recurvus, Phil.

Nucula omata, Qiienst.

Pholadomya, sp.

Trigonia irregularis, Seeb.

Alaria trifida, Phil.

Ammonites cordatus, Sby.

, var. excavatus, Sby. (=A
serratus, Sby.).

perarmatus, Sby,

From 400 feet to 622 feet, chiefly clay, with bands of Septaria :

—

Anabacia orbulites, Lamx.
Serpula vertebralis, Sby.

Avicula insequivalvis, Sby.

, sp.

Gryphaea dilatata, Sby.

bilobata, Sby.

Inoceramus.
Pecten, sp.

Pinna mitis, Phil.

Ostrea, sp.

Area Quenstedti, Lycett.

, sp.

Astarte carinata, Phil.

ovata. Smith.
Cardium, sp.

Corbula, sp.

Goniomya v-scripta, Sh/
Modiola, sp.

Nucula ornata, Quenst
Pholadomya, sp.
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Thracid, depressa, Sb?/.

Unicardium, sp.

ActEeon retusus, Phil.

Alaria trifida, Phil.

Cerithium muricatum, Sb^.

Pleurotomaria reticulata, 8b7/.

Ammonites Bakerige, d'Orb.

, var, fluctuosus, Pratt.

Brightii, Pratt.

eordatus, Sby.

434 feet to 622 feet contained :-

Ammonites macrocephalus, 8chloth.

Marise, d'Orb.

modiolaris, Lidd.

perarmatus, 8by.

plicatilis, d'Orb.

Ammonites eordatus, var. excavatus,

8by.

crenatus, Brug.
Duncani, 8by.

hecticus, d'Orh.

Jason, jRein.

, var. Grulielmi, 8by.

, var.

Koenigi, 8by.

Lamberti, 8by.

Acanthoteutbis antiquus, Pearce.

Belemnites abbreviatus ?, Miller.

Owenii, Pratt.

sulcatus, Miller.

Nautilus bexagonus, 8ow.

From the Septaria found at 623 feet, the following fossils were
obtained :

—

Wood.
Rhynchonella, sp.

Oeritbium, sp.

Ammonites calloviensis,

Jason, Rein., var.

modiolaris, Luid.

Prom 624 feet to 640 feet, laminated shelly clay with occasional

beds of sandy clay :

—

Wood.
Avicula insequivalvis, 8by.

Grypbsea dilatata, 8by.

, sp.

Pecten, sp.

Pinna mitis, Phil.

Area, sp.

Astarte earinata, Phil.

Modiola, sp.

Myacites recurvus, Phil.

Plioladomya acuticosta, Sby.

parcicosta. Ay.
Trigouia irregularis ?, 8eeb.

Alaria trifida, Phil.

Ammonites calloviensis, 8by.

Growerianus, 8by.

Jason, Rein., var. Gulielmi,

Belemnites Owenii, Pratt.

Prom 641 feet to 684 feet, alternating clays, sands, and sand-

stones :

—

Serpula tetragona 8by.

Avicula ovalis, Phil.

inasquivalvis, Sby.

Grypbasa dilatata ?, 8by.

, sp.,

Pecten, sp.

Perna mytiloides, Ziet.

Plicatula ?

Area Quenstedti, Lycett.

Astarte earinata, Phil.

Isocardia tenera, Sby.

Leda Pbillipsii, Morris.

Modiola bipartita, Sby.

Myacites recurvus, Phil.

Pboladomya acuticosta, Sby.

parcicosta?, Ay.
Tbracia depressa, Sby.

Trigonia irregularis, Seeb.

Oeritbium muricatum, Sby., var.

Damonis, Lycett
Ammonites Bakerite, d'Orb.

eordatus, Sby., var. excavatus,

Sby. (=A. serratus, Sby.)

Jason, Rein.

Kcenigii, Sby.

modiolaris, Luid.

Gowerianus, Sby.

Belemnites Owenii, Pratt.

COENBEASH.

The fossils named in the list below were obtained from depths

between 685 feet and 703 feet. Some of them were from the
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marly beds, but the exact position of the greater number is un-

certain ;

—

Cristellaria crepidula, F. ^ M.
cultrata, Monff,
rotulata, Lam.

Lituola nautiloidea, Lam., var.

depressa?, Jones.

Serpula tetragona, Sbr/.

Cytheridea subperforata ?, Jones.

Echinobrissus clunicularis, Luid.

Ehjnchonella varians, Schloth.

Waldheimia obovata, Shy.

ornithocephala, Sby.

Avicula echinata, Sby.

Lima, sp.

Ostrea, sp.

Pecten demissus, Phil.

Gresslya peregrina, Phil.

Modiola Sowerbyana, d'Orb.

, sp.

Myacites decurtatus, Phil.

securiformis, Phil.

sinister, Ag.
Terquemeus, Buv.

Trigonia, sp. (costate form).

, sp. (clavellate form).

Cylindrites?

Natica, sp.

EoREST-MARBLE.

The beds from 703 feet to 736 feet, the lowest depth at present

reached, are regarded as Forest-marble. The fossils were chiefly

obtained from the lowest part, about 730 feet, and in the thin clay

partings of the harder shelly rock.

Wood.
Serpula tricarinata. Shy.

tetragona, Sby.

, sp.

Cidaris, spine.

Acrosalenia, spines and plates.

Pentacrinus scalaris, Goldf.

Diastopora diluriana, Lamx.
Entalophora (Spiropora) straminea,

Phil.

, sp.

Terebellaria ramosissima, Lamx.
Rhynehonella concinna, Sby.

Waldheimia digona, Sby.

Waldheimia obovata, Sby.

Terebratula coavetata, Park.
Avicula, sp.

Ostrea gregaria, Shy.

(Exogyra) lingulata, "i L. ^ M.
Sowerbyi, L. ^ M.

Pecten vagans, Sby.

lens, Sby.

Lima duplicata, Sby.

Area, sp.

Modiola imbricata ?, Sby.

Oerithium, sp.

Gasteropods (minute).

E. T. N.

3. Few fossils have been obtained from the Ejmeridge Clay, but
they include one Ammonite {A. corclatus)., an Oxfordian form, which
is known, however, from the Lower Kimeridge Clay of Yorkshire.

Towards the base of what is now included in the Kimeridge Clay

at Swindon there is a bed of iron-shot earthy limestone, six inches

in thickness, which has yielded Ammonites corclatus.^ var. excavatus

(regarded as the Ammonites serratus of Sowerby), and this is a well-

known Lower Kimeridge fossil, though found also in the Oxford
Clay. A. rotundus likewise occurs, and this is a Kimeridge form*.

Ostrea deltoidea occurs, and this species is abundant in the upper
Corallian beds in many localities.

This fossiliferous bed reminded me of the gritty limestone of

Ringstead Bay, near Weymouth, termed the " Kimeridge Grit " by

* See J. F. Blake, Quart. Journ. Geol. Soc. vol. xxxi. pp. 211, 215, &c.
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Mr. R. Damon, which has yielded a considerable number of fossils *.

That layer, however, is regarded as the top of the Corallian beds by
Messrs. Blake and Hudleston, and should no doubt be placed on that

horizon. The fossils found in the Swindon bed are not sufficient to

enable any palaeontological comparison to be made ; but when we
compare the Swindon section with that at Highworth, about six

miles to the north-east, we might be disposed to put more than we
have included with the Corallian rocks at Swindon.
The general section at Highworth has been represented as follows

by Messrs. Blake and Hudlestonf :

—

ft. in.

CoralEag 1

Oolitic Flags and Sandy Clay 11

Shell-bearing gritty beds (Main Limestone) 12
Hard Band 2
Loose Calcareous Sands 14
Clay ? and Sands in alternations 70?

110

It is therefore quite possible that the iron-shot limestone at

Swindon may represent the " Coral Rag " in the above section, and
the clays beneath may represent the " Oolitic Plags and Sandy Clay."

During the early portion of the well-sinking at Swindon very

many specimens were not preserved. Moreover, from the main mass
of the Corallian series no determinable fossils were collected. But the

character of the record suggests that the lower beds at Swindon are

not so thick as Messrs. Blake and Hudleston represent them to be

at Highworth, although their estimate, of a total thickness of 110
feet, includes 70 feet of clay and sand, which they insert with doubt.

At the same time, throughout the south-west of England (to con-

fine my remarks to the area with which I am acquainted) the

Kimeridge and Corallian beds are so intimately linked together,

both lithologically and palaeontologically, that we cannot fix a
boundary between the formations which can be traced with precisiou.

Nor need we be at all concerned at our failure ; for nature could not

be expected to fix rigid limits either for the accumulation of sedi-

mentary strata or for the entombing of organic remains. Since'

writing the above remarks, I find that Mr. Hudleston has observed

that " the name Corallian must be deemed a mere matter of con-

venience, not representing a formation in time "
J.

The Oxford Clay, as before mentioned, is 572 feet in thickness.

Many fossils have been obtained, and these are grouped together as

coming between certain depths, although we have no reason to draw
definite lines. Broadly speaking, however, the record furnishes

evidence of the Callovian fauna at the base, and of the incoming in

succession of the " ornatus " and " cordatus " types of Ammonites.

And it is satisfactory to find the ordinary succession of Ammonite-

* See ' Geology of Weymoutb/ &c. New edition, 1884, p. 65.

t Quart. Journ. Geol. Soc. vol. xxxiii. p. 272, and Table, p. 404.

X Proc. Geol. Assoc, vol. v. p. 409.
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forms maintained, even if the species are not limited to the often rigid

and therefore unnatural definitions of a zone.

Thus in the upper 288 feet, Ammonites cordatus and A. cordatus

var. excavatiLS are met w\i\i. This division would therefore corre-

spond with the " cordatus-clays," although the two Ammonites
occur a little lower down together with other species.

In the next 220 feet, A. crenatus, A. Duncani, A. Jason, A.

Kosnigi, A. LamOerti, A. JIarice, and A. plicatilis occur. And this

division no doubt represents the " ornatus-clays " of the Lower
Oxfordian. In the next 18 feet we find A. Jason, yslt. Gulielmi, and

A. calloviensis. The lowest 44 feet, comprising alternations of

clays, sands, and sandstones, yielded A. Koenigi, A. Bakerice, and
A. modiolaris, found also higher up ; likewise A. Gowerianus. The
last-named two species are usually regarded as Callovian forms.

Gryphcea dilatata occurs over 500 feet down in the Oxford Clay.

This fossil is especially common in the upper part of the formation,

in brickyards near the junction with the Corallian rocks in the

south-west of England. A small form, difficult to distinguish from

G. bilobata, however, occurs lower down, even in the KeUaways
Rock.

The development of sandy beds at the base of the Oxford Clay is

interesting. On lithological evidence, about 44 feet may be assigned

to the Kellaways Rock ; but if we consider Ammonites calloviensis

to belong exclusively to this rock, then at least 18 feet more may be

grouped with the KeUaways division. The evidence, however,

agrees with that furnished in other localities, that the KeUaways
Rock is but an irregular and impersistent sandy basement-bed of the

Oxford Clay, locaUy fossiliferous.

So far as I am aware, no good sections of Kellaways Rock are now
to be seen near the viUage of Kellaways. The beds, consisting of

fossiliferous and somewhat flaggy calcareous sandstone, are exposed

beneath the Alluvium of the Avon, about half a mile below Kella-

ways Bridge ; and both here and at Christian Malford, where the

rock has also been observed, this fossiliferous horizon is probably

some distance above the base of the Oxford Clay. At the latter

locality the section was described by Lonsdale as follows :

—

Clay. ft. in.

Rotten rubbly stone with few organic remains 5
Sandstone, abounding with fossils , 3
Sand 4
Clay.

The rock at KeUaways attracted the attention of WiUiam Smith,

on account of the numerous organic remains in it, for the fossils are

sometimes so numerous as to constitute nearly the whole of the

stratum ; but, as Lonsdale has remarked, they are often wanting*.

Near Trowbridge bands of sandstone are occasionally to be seen

in brickyards opened in the lower beds of the Oxford Clay t.

* Trans. Geol. Sec. ser. 2, vol iii. p. 261.

t See R. N. Mantell, Quart. Journ. Geol. Soc. vol. vi. p. 312.

Q. J. G. S. No. 167. Y
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Sections, however, are very rare, so that but little can be said

about the southern range of the Kellawajs E-ock. The lowest parts

of the clay are perhaps too sandy for brick-making, and the ground

is as a rule too low to have been opened up in railway-cuttings.

South of Cirencester, Prof. Hull observes that at the base of the

Oxford Clay " there occurs a thin series of yellowish sands and cal-

careous sandstone, highly fossiliferous, many of the fossils being

those of the Oxford Clay " *. Traces of the Kellaways Rock also

occur near Malmesbury.
Further north the variable thickness and mineral character of the

" Kellaways Sands, Sandstones, and Clays," in their extension from
Wiltshire to Yorkshire, have been remarked on by Prof. Judd t and
Mr. HudlestonJ.

The Combrash and the Porest-marble call for no particular

remarks ; many of the characteristic fossils occur, and in the latter

formation we find Terehratula coarctafa, which is suggestive of the

Bradford-Clay zone.

4. We now come to the Saline Waters at Swindon, and to the

question of their source.

The water from the Corallian beds, analyzed by Mr. F. W. Harris,

showed 144-2 grains of solid matter in the imperial gallon ; this

included 86 grains of sodium chloride, and 49 grains of sodium carbo-

nate. • The water from the Porest-marble, also analyzed by Mr.
Harris, showed 2131*85 grains in the imperial gallon, and this com-
prised 1824 grains of sodium chloride, 191 grains of calcium chloride,

88 grains of magnesium chloride, &c. The amount of sahne matter

was therefore nearly 15 times greater than in the upper waters.

Ko sodium carbonate was detected in the lower springs, and these, as

remarked by Mr. Harris, present some similarity to ordinary sea-

water. Thus the amount of sodium chloridewas almost identical (1824
grains at Swindon, and 1964 grains in sea-water), and so also with

potassium chloride (16 grains at Swindon, 15 grains in sea-water).

On the other hand calcium chloride, of which 191 grains occur in

the Swindon water, is not noticed in sea-water ; while the latter

contains a much larger proportion of magnesium chloride, and also

considerable quantities of magnesium sulphate and calcium sulphate,

represented only by 1 grain of calcium sulphate in the Swindon
water. With this exception the absence of sulphates from the

Swindon water is noteworthy.

The following analyses show the number of grains per imperial

gallon § :

—

^ Geology of parts of Wilts and Gloucestershire (Mem. Geol. Survey), p. 19.

t Geology of Rutland, &c. (Mem. Geol. Survey), p. 232.

I Proe. Geol. Assoc, vol. iv. p. 410.

§ Some of these analyses were published by Prof. Prestwich in a paper read

before the Ashmolean Society, 1876. See also C. E. De Eance, Trans. Man-
chester Geol. Soc, Dec. 1884.
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^'1

6^
Purton

Spring,

.

Voelcker.

Purton
Spring,

.

M.

Noad.

a a

03
Marston, Cheshire,

Brine.

'

English
Channel,

)ea-water.

<1 w 00

Sodium chloride 1824-37 34-29 748-30 117655-40 1964-16

Sodium carbonate ... ... ... 25-20

Sodium sulphate 112-23 174-90 357-63 102 20
Potassium sulphate ... 1-91 10-26 trace

Potassium chloride ... 16-56 15-31

Potassium carbonate . 28-88

Calcium chloride i9i-ii

Calcium sulphate 1-25 83-87 62-56 135-37 273"20 98-46

OaJcium carbonate . .

.

40-60 7-63 trace 2-31

Calcium phosphate . .

.

trace

Magnesium chloride . 88-47 30-00 27-30 256-66

Magnesium carbonate 8-71 2-10 74-90

Magnesium sulphate . 77-20 76-59 160-70

Magnesium bromide .
0-92 2-05

Sodium bromide
• trace

7-70

Sodium iodide ... 0-66 6-88 trace Iodine

traces

Silica

r 0-39

"0-99
•5<-

1-28

}o-28

...

...

2-08 1-26

trace trace

trace

::::::

traces

Ferric oxide

Alumina

Ferrous carbonate . .

.

Manganous carbonate ...
!

trace

Organic Matter, &c. . 8-75 1-14 0-10 1

2131-85 350-27 401-11 1277-59 18138-60 2499-65

The occurrence of saline waters in the vicinity of Swindon is,

however, not new. In an old topographical work it is mentioned

that " almost all the well-waters about the north part of Wiltshire

are very brackish ... At Cricklad their water is so very salt that

the whole town are obliged to have recourse to a river hard by for

their necessary uses." And it is stated that the waters at High-
worth, Wootton Bassett, Poulshot, and Lavington near Devizes are

saline f. Apart, however, from the interesting and more or less valu-

able records pubHshed in the " good old times," when mineral springs

were discovered nearly all over the country, there are more modern
records of saline waters in the neighbourhood of Swindon. And it

will perhaps be desirable to consider these records in topographical

order.

In a well sunk near Eodbourno Lane, north-west of Swindon, in

* In the water of the Swindon well, ferrous carbonate, bromides, boric

acid, and free carbonic acid are noted by Mr. Harris, but their quantities

were not estimated.

t John Aubrey. Nat. Hist, of Wiltshire (1691). Edit, bv J. Britton, 1847,

pp. 21, 25.
'

t
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1858, an alkaline mineral water was found. The strata passed

through were as follows :

—

feet.

Kimeridge Clay 68
Corallian Beds 27
Oxford Clay 36

131

In 1S59 and 1860 the well was bored to a further depth of

367 feet (total 498 feet), presumably in Oxford Clay. The water

obtained from the Corallian beds was analyzed by Mr. W. H. Stanier

with the following results :

—

G-rains per

imperial gallon.

Sodium carbonate 45*0

Sodium chloride 56*0

Calcium and magnesium sulphate . . 4*4

Silica, alumina, &c 1*4

Organic matter, &c 5-2

112-0

This water is very similar to that obtained from the Corallian

beds in the new well-sinking at Swindon.
In 1862 analyses were published by Dr. H. M. Noad and Dr. A.

Voelcker of a saline spring at a place known as Salt's Hole, between
Purton and Cricklade. This locality is on the Oxford Clay, although

very likely the water issued from the Corallian beds in the neigh-

bourhood. The analyses showed between 350 and 400 grains of

saline matter in the gallon, consisting principally of sodium sul-

phate, together with calcium and magnesium sulphates. Unfor-

tunately the doctors disagreed in the arrangement of their results

—

in the one case 34 grains of sodium chloride were identified and no
magnesium chloride ; and in the other case 30 grains of magnesium
chloride were included and no sodium chloride. The amount of

saline ingredients differed in the two analyses as much as 50 grains

;

and Dr. Yoelcker observed, " Probably the composition of the saline

residue varies at different seasons, and the water, like other saline

waters obtained only in limited quantities, is not always of the

same composition"*. The yield of water was about 120 gallons

per day.

At Melksham, also, mineral springs have been met with. The
first discovery was made many years ago in sinking a shaft in

search of coal. " After penetrating to a great depth the miners

came to a very hard rock [probably Cornbrash, and perhaps also

Kellaways Eock], on piercing through which this water rushed in

upon them, and was so abundant that the scheme for finding coal

was entirely abandoned. . . .The spring ever since continued to flow

* * See Quart. Journ. Chem. See. vol. xiv. pp. 43-46.
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[or rather to ooze out] above the original level of the field," The
water on examination was found to contain 552 grains of saline

matter in a gallon, and this seems to have been chiefly sodium

chloride, together with magnesium and calcium chlorides, calcium

sulphate, magnesium and calcium carbonates, and ferric oxide.

In 1815 "the lEelksham 8pa Company" was formed, and in

order to procure an abundant supply of saline water, another well

was sunk in a field to the east of the old saline spring. The record

of this weU has been published, and from the account of the strata

there can be no doubt that the Oxford Clay and Kellaways Rock were
passed through, as well as the Cornbrash, and that the waters, as at

Swindon, welled up from the Forest-marble. It may therefore

be interesting to quote the full account of this well-sinking.

After having dug one hundred feet they commenced the process

of boring, under the superintendence of Mr. Brough, an able

engineer, who after twelve months' labour, on the 1st of March,

1816, obtained the much-desired object. Since that date one hundred

feet more were sunk.

The following are the particulars of the various strata, in the

words of the engineers :

—

f "A series of marl, dark-coloured, ninety feet thick, which in the

digging broke into rhomboids,
" Then marl again, about one hundred and thirty-two feet thick,

varjdng in colour ; most of this presented in every fracture or section

which could possibly be made, a glut of the remains of marine organized

bodies, among which were many of the Cornu Ammonis, most beautifully

gilt with the pyrites of iron, assuming every metallic lustre imaginable.

I
The Nautilus also often occurred. The specific gravity of this mass was
considerably greater than that of the foregoiiig, owing to its containing

much iron. Towards the bottom of this marl thin irregular beds of

jet were met with ; also, some large turtle-formed stones, which were
extremely hard. [Septaria.]

" Next a layer of stone two feet thick, in hardness equal to granite.

^ " Marl again, in thickness fifty feet, colour as above.

m ( " Afterwards stone, two feet six inches thick, moderately hard, but

5 ,__, differing from any of the foregoing, being more granulated, and, when

%% \ tried between the teeth, exceedingly gritty,

^ o
j

" Then marl, in thickness eighteen feet.

H Ph
I « Tijg character of this marl was also different from any of the above,

& \^ being more indurated, as also gritty.

i "3" f " Next stone, in thickness twenty feet, moderately hard, and of a

o % \ lighter colour than any preceding. This was divided into about eight

2jp [ strata, by thin beds of clay, from one inch to two and a half thick.
'' " Then alternate strata of stone and clay, imited thickness twenty-

1-7 three feet six inches ; the beds of clay from six to twelve inches.

g ^ "Afterwards a bed of stone two feet six inches thick. This was

a § { whiter than any yet met with, and moderately hard.

^ g
" Stone succeeded, eleven feet in thickness, very hard, and separated

'—
'

I

into about five or six strata, by beds of clay mixed with a little sand

;

^ these beds were from one to four inches thick.
" Total depth from the surface, three hvmdred and fifty-one feet

six inches."

After the borer had penetrated the eleven feet of stone, &c., it

entered a bed of sand, and the water " gushed forth, in quantity
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sufficient for every purpose." From experiments made by Dr.
Gibbes, this water was found to hold in solution " the same salts as

the other well, and in still larger proportion" *.

At Holt, between Melksham and Trowbridge, saline waters were
discovered towards the close of the 17th century in sinking a well.

An account was published by H. Eyref, who states that the water
contained " mixed salts," in the proportion of 3 drachms, 1 scruple,

and 19 grains in 1|- gallons of water ; no particular analysis, how-
ever, was given. The details of the strata passed through were
noted by the Eev. Mr. Lewis as follows :

—

^

" After they had passed the upper turf they came to a blue Clay, which
held about 3 foot ; then they met with a yellow, brittle Clay, very much
like ochre, used by painters, about 2 foot in thickness ; and next with a
loam of a looser texture, which sparkled with a kind of talc, called by
the naturalists Selenites, and was intermixed with yellow ochre. . . .

" Below this, at about 10 foot deep, they came to a bed of stones, of a/

2j \, large size, and very hard texture [Septaria] . . .

S,
^ f "Here the springs come in, and below this the Clay was darker

% "^
I

coloured, and interlaid with small shells of the Oyster, Escallop and

;^ g -^ Muscle kind, and with a few Belemnites curiously shaped. Here they

g Ph
I

met with stones of a very close texture, which when washed seemed to

Mj \^ be nothing but a mass of shells jumbled and embodyed together"]:.

In connection with this subject it is interesting fo note that

saline or brackish water was also met with in a well made at

Trowbridge (March 11, 1870, not finished). The well was sunk

160 feet and bored 40 feet " into Lias." The water was found to

contain the following ingredients :

—

Total solid impurity (in parts per 100,000) 144-34

Chlorine 36-70

The following appears to be the only account of this well at

present published :

—

" In sinking the shaft a salt spring was tapped and afterwards

stopped out, but we were informed that some water came in at

about 20 feet from the surface. Our analysis, given at page 105,

shows the water to be excessively hard, and to contain a considerable

proportion of common salt (6 lbs. in 1000 gallons, 3oz. in this

volume of water being about the usual proportion in good potable

water), besides a rather large proportion of organic elements "
§.

'No details of the strata are given. The well was probably com-
menced in the Cornbrash (if not Oxford Clay), and if carried into

the Lias it shows a great diminution in thickness of the Lower
Oolitic strata. It is very likely, however, that the term " Lias

"^

was that used by the well-sinker, and the well was simply carried

through the Forest-marble into the Great Oolite.

* The Melksham Guide, 1815. Britton and Brayley, ' Beauties of Wilt-

shire,' vol. iii. p. 221.

t A brief Account of the Holt Waters in Wiltshire. 12mo. 1731.
+ Phil. Trans, vol. xxxv. p. 489 (1728).

§ Sixth Eeport of *he Eivers Pollution Commission, pp. 104, 105.
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Again at Road, between Trowbridge and Frome, a mineral water

was discovered more than 100 years ago. An account of it was pub-

lished by S. Williams, who stated that it contained " steel, sulphur,

and natron," but no analysis was given*. The water was probably

obtained from the Cornbrash or Forest-marble.

Important evidence of saline water is that furnished by an artesian

well made in 1832 at St. Clement's Brewery, Oxford. Attention

has been directed to this water by Prof. Prestwich. The well was

carried to a depth of 420 feet, through Oxford Clay 265 feet, and

Great Oolite, &c., below ; but no detailed account of the strata has

been preserved. Chloride of sodium was most abundant in this

water, and sulphate of soda came next in quantity t. (See analysis,

p. 299.)

The conclusions to be drawn from these records are that in certain

localities, as at Melksham and Trowbridge, at Swindon, and at St.

Clement's, Oxford, where the Great Oolite series has been reached,

the prevalent salt is chloride of sodium ; and that while saline water

has been found at higher levels in the Corallian beds, the water

obtained is less saline, and the prevalent salt is in several cases

sulphate of soda.

The occurrence of the saline water is suggestive of the proximity

of Triassic rocks, as remarked by Prof. Prestwich in connexion with

the well at St. Clement's, Oxford. He points out that the Chelten-

ham waters, which contain much chloride of sodium, issue from

the Lower lias, " but as the upper beds of the jS'ew Red Sandstone

crop out a few miles west of Cheltenham, and pass under the Lias,

geologists have concluded that the wells traverse the Lias and reach

the New Red, and that it is from those beds that the saline water

comes." Prof. Prestwich concludes " that the water at St. Clement's

has its origin in the JSTew Red Sandstone, and not in the Oohtic or

Liassic strata, as would otherwise, from the depth of the boring, be

the natural inference. If the water were from the Oolitic strata

we should expect to find it much purer, and its solid matter to

consist chiefly of carbonate of lime ; if from the Marlstone or Lias

to be more ferruginous and calcareous."

Curiously enough the water of the new Swindon well has yielded

no carbonate of lime, very little sulphate of lime, and very little

ferruginous matter. Moreover the saline waters found in the dis-

trict vary very considerably, so that if the mineral matter be

originally derived from Triassic rocks, the water is diluted and

modified by other waters with which it has come in contact in

rising towards the surface.

Concerning the position of the Triassic rocks we may make a few
remarks. The deep boring at Signett, south of Burford, in Oxford-

shire, is about seventeen miles north of Swindon, and there the

following strata were penetrated :

—

* An Experimental History of Koad Water in Wiltshire. 8vo. London,
173L

t Ashmolean Soc. 1876.
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feet.

Oolites 148
< Lias and Ehaetic beds 608
Eed Marls 291
Eed Sandstone 137
Coal-measures 225

1409

The thickness of the New Eed beds, according to Prof. Hull,

diminishes in a south-easterly direction from the Staffordshire area,

and he inferred that the Lias would disappear below Oxford*.
Mr. Tople}^, moreover, has shown that the attenuation of the

Oolites corresponds with the dip, so as to bring the New Eed rocks

nearer to the surface in a south-easterly direction from the Cottes-

wold outcrop t.

On the borders of the Bristol Coal-field the thickness of the

Secondary strata is much reduced, and the Lias and Ehsetic beds in

places overlap the New Eed strata and rest on the older rocks. A
short distance west of Bath the Coal-measures come to the surface

overlain by the Keuper Marls of very little thickness. Further

south, on the eastern end of the Mendip range, near Frome, the

Eed beds and Lias are overlapped by the Inferior Oolite, which then

rests in places directly on the Carboniferous Limestone.

The Bristol and Somerset Coal-field is probably bounded on the

east by an underground margin of Lower Carboniferous rocks, which
would underlie the Lias and Oolites east of Bath ; but the more
easterly arrangement of the older rocks is a matter of uncertainty,

for near "Wotton Underedge the Eed Marls repose on Silurian

rocks.

In this northern area a mineral water was obtained from a well

sunk from 40 to 50 feet deep in the Lias. The locality is Cherry-

rock Farm, north-east of Wickwar, and an analysis was published

by Mr. T. J. Herapath. The salts present were magnesium sul-

phate 129 grains in the imperial gallon, sodium sulphate 122,

calcium sulphate 75, calcium carbonate 31, and sodium chloride 60.

Mr. Herapath states that most of the springs in the neighbour-

hood, when sunk to a great depth, are inclined to be salt J. Here
the New Eed strata are comparatively thin, and rest in all pro-

bability on the Silurian rocks.

Again, the thermal springs at Bath and Clifton, which contain,

among other ingredients, sodium chloride, and in the former case a

large amount of calcium sulphate, rise from the Carboniferous rocks

in a district where no rock-salt is known to exist in the New Eed
strata §.

Moreover at Twerton, near Bath, saline waters containing 112*8

* Quart. Journ, Geol. Soc. vol. xvi. pp. 63, 71 ; see also the Memoir on the
Triassic and Permian Eocks of the Midland Counties,

t Quart. Journ. Geol. Soc. vol. xxx. p. 186.

X Quart. Journ. Chem. Soc. vol. ii. p. 200.

§ One may neglect the evidence of pseudomorphous crystals of rock-salt.
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parts per 100,000 of sodium chloride were thrown out " by a spring

in the Lower Lias," probably rising from the Coal-measures ; and
'' at Braysdown Colliery [near Radstock], 500 yards in depth, a

constant volume of water is met with, which Mr. Biggs found to

contain 1008 grains of common salt per gallon (or 1440 grains per

100,000) : the water appears to be derived from the Coal-measures,

and it is very salt indeed " *. Other instances might be given to show
that the presence of sodium chloride in the waters of wells at a

distance inland is not dependent on the proximity of the saliferous

jS"ew Red Rocks ; but it will be sufficient to mention the waters at

Moira, in the Leicestershire coal-field, the thermal saline water in

the " killas " at Camborn, in Cornwall t, and a spring on the south-

west side of Derwentwater, which issues from a bed of grit

(" Arenig Grit ") in the Skiddaw Slates J.

Of course some of the saline waters may derive their ingredients

from saliferous Xew Red Rocks at a considerable distance ; for, as

Prof. Prestwich remarks, " Thermal springs in non-volcanic districts,

such, for instance, as at Bath and Buxton, may generally be considered

as natural artesian wells, where water, after descending through

permeable strata to great depths, escapes through fissures in the

overlying strata (the sides of faults or dislocations) to the surface.

The temperature of such springs, above the mean of the surface, is

necessarily proportionate to the depth reached by the descending

water ; and, as the Bath waters have a temperature of 120° Fahr.,

we may assume the depth from which they rise to be about 3500
feet'"'§. In this case the shales at the base of the Carboniferous

Limestone may support the waters.

The saline ingredients may, as at Clifton and at other i3laces, be

largely derived from sea-water, or perhaps, as has been suggested, sea-

water may have been stored up in the rocks during the vicissitudes

or " ups and downs " of past geological periods.

The question before us, however, is, whence come the saline

waters at Swindon? We have mentioned those found elsewhere in

the neighbourhood, but before concluding it will be desirable to note

very briefly the occurrence of fresh waters in the same area.

5. Grood supx)lies of fresh water have been obtained in certain

localities in JS'orth Wilts, as at Malmesbury and Chippenham. At
Malmesbury springs of an artesian character rise in the Abbey
meadows from the Forest-marble. These, it is tnie, contain 25
grains of solid matter in an imperial gallon ; but the chief

constituent is carbonate of lime, with small proportions of sulphate

of lime, chloride of sodium, &c.
||

At Chippenham, at Mr. Brotherhood's well, the Cornbrash and

* Report Brit. Assoc, for 1875, p. 141. See also C. E. De Ranee, " On the
Occurrence of Brine in the Coal-measures," Trans. Manchester Geol. See,
Dec. 1884 ; and J. M^Murtrie, Proc. Bath Nat. Hist. Chib, vol. vi. p. 84.

t J. A. Phillips, ' A Treatise on Ore Deposits,' 1884, p. 121.

\ J. C. Ward, ' Geology of Northern Part of Lake District,' p. 53.

§ Geology, Chemical and Physical, p. l(j().

jl
J. H. Taunton, ' Proc. Cotteswold Club,' vol. vi. p. 301.
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Forest-marble were penetrated, and a good supply of water was
obtained. The section was as follows :

—

ft. in.

Cornbrash. Brash 9 6
fHardClay 4 10

Forest-™.b,e.
Bl^Cla, ........ ,....,....„^ 7

[Blue Clay 3
Great Oolite. Eock (blue oolitic limestone) ... '33 9

99 8

Water gushed in from the south side of the well at the rate of

8000 gallons an hour. This contained 28 grains of solid matter per
gallon, consisting chiefly of carbonate of lime, with chloride of

sodium, carbonate of magaesia, sulphate of lime, &c. Dr. H. Letheby,

who made the analysis, stated that although a little hard, it was in

all other respects a good and wholesome water *. The river-waters

near Chippenham contain similar ingredients.

In reference to the Swinden well, one would be disposed to doubt

that fresh water is likely to be met with in carrying the shaft at the

station to a greater depth, although, judging from the waters at

Malmesbury and Chippenham, there is no reason why good water

should not be obtained in the neighbourhood.

The Lower Oolitic strata outcrop successively to the north-west

of Swindon, and, so far as the surface-evidence is concerned, the

following formations would be expected to occur in carrying this

boring to a greater depth :

—

feet.

Forest-marble : clays and sandy shales, fissile shelly

oolite and flaggy limestone 80-100
Great Oolite: compact limestone, shelly oolites and

marls 140
Fuller's Earth : clay with occasional beds of hard marl

or limestone 70 (or more).

Inferior Oolite : oolitic and shelly limestone and marl 80-100.

Water is likely to occur in the Great Oolite, upheld by the

Fuller's Earth, which throws out so many springs on the Cotteswold

Hills ; or, again, water would be expected in the Inferior Oolite or

underlying sands upheld by the clays of the Lias. But it is possible

that the water that rises from the bottom of the Swindon well may
include the supply held up by the Fuller's Earth, if present.

6. In the case of the saline waters of Swindon, Melksham, &c.,

having regard to their local distribution, and to the occurrence of

comparatively fresh water in neighbouring wells, there can be

little question that they rise from a considerable depth, and that

the supplies of water in the upper strata are rendered saline by the

waters that come from below.

Several lines of fault running generally in a north-easterly direction

between Frome and Swindon are marked on the Geological Survey

* From notes furnished by Mr. Bryan Wood, of Chippenham, to Mr. H. W.
Bristow.
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Map, and it is possible that some saline waters burst out along these

lines of dislocation. One can understand the introduction of saline

waters from below into the Great Oolite series, if the Lower
Jurassic clays be absent ; but their occurrence in the Corallian series,

having regard to the intervening mass of Oxford Clay, is puzzling.

The conclusion that suggests itself is, that the saline waters issue

from Palaeozoic strata, against a ridge of which the Lower Secondary

strata abut in more or less attenuated form. This underground ridge

may be some miles to the south of Swindon.

Naturally the question arises, should not some more positive

evidence of the proximity of older rocks be furnished to justify this

suggestion ? 'No indications of shore- conditions are revealed in the

Oolitic strata. But I may call attention to the fact that in the

neighbourhood of Frome, where the Secondary strata come very near

to the Palaeozoic rocks, no very marked changes are met with in the

Lower Oolites. The Inferior Oolite, it is true, presents here and
there conglomeratic beds, but its ordinary oolitic character is generally

maintained. The Fuller's Earth, Forest-marble, Cornbrash, and
Oxford Clay are all exposed within three miles of the eastern end

of the ITendip Hills (formed of Old Eed Sandstone and Lower
Carboniferous rocks), and these Oolitic strata show no departure

from their ordinary characters. There are here, as elsewhere, sandy

beds in the Forest-marble (Hinton Sandstone of Wm. Smith) and
sandy beds at the base of the Oxford Clay and in the Corallian series.

But we have no positive evidence in this neighbourhood of marginal

deposits above the Inferior Oolite ; so that while the older rocks of

theMendips, &c., may have stood out as islands here and there, yielding

conglomerates in the jS'ew Red, Rhaetic, and Lias times, these ridges

of land disappeared beneath the waters in Inferior-Oolite times, and
were probably smothered up by the newer Oolitic strata, which in

places may nevertheless have rested directly upon the older rocks.

Perhaps the underground structure in the neighbourhood of Swindon
may present similar features, and we have, at any rate, the evidence,

between Bath and Chipping Sodbury and elsewhere, of inliers or

islands of Carboniferous rocks appearing in the midst of the Lias.

Discussion.

The President remarked on the important data recently obtained

by members of the Geological Survey from deep wells, and on the

interesting evidence of thickness and relations of strata thus ob-

tained. He inquired whether the effect of continuous pumping had
been tried in order to reduce the saline character of the water.

Mr. De Range remarked on the light thrown upon Oolitic rocks

by Mr. H. B. AVoodward's studies. The British Association Com-
mittee of Inquiiy into Underground Waters had paid much attention

to the porous formations. The present section threw some light on
Prof. Hull's views as to the thinning of the Lower Triassic rocks in

the centre of England. The speaker showed how various members
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of the Trias disappeared from north to south. He also pointed out

how the thickness assigned, from calculation, by the Geological Sur-

vey in a published section, to the Jurassic beds near Swindon pre-

cisely agreed with the facts now disclosed. From the ascertained

composition of saline springs in various formations, he showed that

the water at Swindon was much less salt than the brines of the

Keuper marls, and less so than those of the Coal-measures. Mr.
Mylne was making a boring about three miles from Swindon, and
the information thus obtained would be a useful addition to that in

the present paper.

Mr. Mylne said that the boring just referred to by Mr. De Eance
was commenced at the bottom of a shaft in the Cretaceous beds, of

the thickness of which he gave some details. The Portland Sand
was wanting, and the Kimeridge Clay was not completely bored

through.

Prof. Maskeltne said that the country was well known to him,

and that in several wells near Swindon saline water was found, and
he instanced one case near Purton where traces of iodides had been

met with. The abundance of gypsum in the Kimeridge and Oxford

Clays explained the abundance of calcium sulphate. He believed

the water in the part of the Swindon well where the Coral Rag
was penetrated would be improved by pumping, and cited instances

of good water having been procured from the Coral-Rag beds in

the neighbourhood by sinking through the Kimeridge Clay. The
head of the Thames is an instance of a beautiful spring derived from

beds fed by the water percolating the upper part of the Great Oolite

north of Cirencester and Tetbury.

Mr. H. B. WooDWAUD, in reply, said that for many months
pumping had been resorted to at Swindon without success in ob-

taining better water. After pumping had been discontinued, the

water from the lower strata gradually rose to within about 25 feet

of the surface.
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24. On a Mandible of Mach^rodtjs from the Forest-bed. By

James Backhouse, Esq., F.G.S. With an Appendix by Rr

Ltdekker, Esq., B.A., F.G.S. (Read April 7, 1886.)

[Plate X.]

Abotjt two months ago I obtained from the Forest-bed of Kessing-

land, Suffolk, a specimen which I take to be the right mandibular

ramus of a species of Machcerodus (Plate X.). As I believe that no

example of the lower jaw of any species of this genus has been met
with in this country, I venture to send the following description of it.

Length from posterior margin of condyle to upper edge of sym-
physis at insertion of second incisor 204 mm.

Vertical depth below premolar at shallowest part of ramus 38*25

mm.
Depth at middle of diastema 51 mm.
Depth at lowest point of symphysis 63*75. Originally the depth

at this point has apparently been 70, if not 75 mm.
The diastema is large (41 mm.) and, like the portion of the ramus

immediately beneath it, curved inwards ; it presents a fossa of 6 or 7
mm., from the direct line between the canine and cheek-teeth, for

the accommodation of the upper canine. The anterior foramen is

large, and in a line parallel to the adjo,ining base of the ramus.

The condyle is imperfect, the length of the remaining portion being
38-2 mm., and the vertical thickness 19-1 mm. The coronoid pro-

cess has lost its upper third, the remaining portion being 25 mm.
in height and 38 mm. in width at the base.

In regard to the teeth, the sectorial has an antero-posterior

diameter of 32 mm. ; it is much worn diagonally by the action of

the corresponding upper tooth, and anteriorly overlaps the premolar.

The premolar has an antero-posterior diameter of 22*25 mm. ; it is

split vertically, while the apex of its anterior cusp and the outer

edge have been worn away. The total length of the upper surface

of the two teeth is 51 mm. The canine is likewise partially worn
away and has lost its upper portion, the length of the remaining

portion being 25 mm., and the breadth 15 mm. The first incisor

has well-marked cusps, but wants its upper portion ; its width is

11 mm. The second has a width of 7 mm., and a depth (back to

front) of 11 mm.

Appendix by R. Ltdekker, Esq.

With the consent of Mr. Backhouse I append a short note, in the

hope that it may more fully elucidate the affinity of his interesting

specimen, which undoubtedly belongs to Machcerodus. 1 may ob-

serve, first of all, that the Macha^rodus of Pikermi* and Eppelsheim f

* M. leoninus, Wagner. t M. (F.) aphanistus, Kaup.
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was identilied with the typical Yal d'Arno M. cultridens, first by
Kaup * and subsequently by Gaudry t , the identification having

been made solely from the comparison of the upper canines from
the Val d'Arno witb those from Eppelsheim and Pikermi. Dr.

Major t speaks of the Pikermi Maclicerodus (of which several jaws
are known §) as being closely allied to M. cultridens, but does not

enter into further details. Palconer
||
regarded M. latidens as un-

distinguishable from M. cultridens. In the Cat. Foss. Mamm. Brit.

Mus., I have followed Kaup and Gaudry's view, as I had at that

time no specimens which led me to doubt its accuracy %. In the

Pikermi and Eppelsheim form there are two elongated lower pre-

molars, and the diastema of the male is comparatively large. So
far as I can find out, no jaws of the typical Yal d'Arno form are

known ; and since all the other mammals from those beds are

distinct from the Pikermi and Eppelsheim species, there are prima
facie grounds for considering that the identification of the Pikermi

Machcerodus with M. cultridens is not fully certain. Macho^rodus

latidens has been hitherto known only by detached canines and
incisors, the upper canines being relatively broader than in 1\I,

cultridens. M. mcganthereon is a much smaller form, distinguished

by the absence of serrations on the upper incisors.

Mr. Backhouse's specimen, which has lost the innermost incisors,

indicates a species about equal in size to the Pikermi Machcerodus,

and, from the large size of the concavity for the upper canine and
the descending mandibular flange, apparently belonged to a male.

There is only one premolar, which is of comparatively small size,

and from the sharpness of the alveolar border in front of this tooth

it is evident that pm. 3 was never developed. Compared with the

mandible of a male of the Pikermi Machcerodus **, the fossil differs

not only in the absence of pm. 3, but is absolutely shorter, and has

a relatively shorter and deeper diastema and a wider and shallower

concavity for the upper canine, while pm. 4 is relatively shorter.

These differences are shown by the following dimensions, the length

of mTT of the continental form being taken from the Eppelsheim

specimen B.M. No. 49967 a.

Pikermi. Forest-bed.

Interval between canine and carnassial .... 0*098 0*069

Length of carnassial 0*031 0*032

Length of fourth premolar 0*027 0*0215

* ' Neues Jabrb.' 1859, pp. 270-271.

t ' Animaux Fossiles et Geologic de I'Attique,' pp. 105-109.

i
Quart. Journ. Geol. Soc. vol. xli. p. 3 (1885).

§ See Cat. Foss. Mamm. Brit. Mus. pt. i. p. 43.

II

' Palseontological Memoirs,' vol. ii. p. 459.

^ The question of the long range in time of the species as thus extended

was not taken into consideration.

^* See Cat. Foss. Mamm. Brit. Mus. pt. i. p. 43, no. 49674 (misprinted 59674).

In an immature female (No. 49674 bis) the diastema is shorter and the ramus

shallower; a specimen from Eppelsheim (No. 49967 «) has a similar short

diastema and no descending flange, and therefore probably also belongs to an

adult female in which the ramus is much deeper.
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These differences are sufficient to indicate the specific distinction

of the fossil from the Pikermi and Eppelsheim Maclicerodus.

In the absence of pm. 3 the fossil agrees with many examples of

the Xorth-American M. neorjcBus *, but is distinguished by the smaller

size of pm. 4.

Having now shown that the specimen under consideration is

specifically distinct from the Pikermi Maclicerodus^ it remains to

consider whether it should be identified with the Val d'Arno M.
cultridens (from which the Pikermi form would then be distinct)

or with M. latidens (if this be really distinct). A fragment of the

upper canine of a Maclicerodus has been described from the Forest-

bed by Prof. Lankester f, which he was disposed to identify with
M. cultridens rather than with M. latidens ; and this provisional

identification, coupled with the occurrence in the Forest-bed of Yal-

d'Arno species like Elephas meridionalis, Rhinoceros etruscus, and
Equus Stenonis, is in favour of regarding our specimen as belonging

to M. cultridens. On the other hand, since the Forest-bed also

contains later mammals, such as Eleplias antiquus and primi(jenius,

Hycena crocuta^ and Sus scrofa, there is no reason why the Pleisto-

cene M. latidens should not also be found there.

As it appears to me to be at present impossible to say whether
M. latidens should be regarded as a well-marked species or merely

as a variety of M. cultridens, we must await the discovery of a jaw
of the latter in the Val d'Arno before the specific determination

of Mr. Backhouse's specimen can be definitely settled ; but from the

evidence of Prof. Lankester's specimen I am rather inclined to think

that it may belong to M. cultridens ; and in view of this contingency

it will be advisable for the future to separate from the latter

species the Pikermi and Eppelsheim form, and to retain for it the

name of M. aplianistus %> It is interesting to observe that the

present Forest-bed jaw evidently belongs to a more specialized

species than the latter, as is indicated by its shorter ramus and
numerically reduced cheek-dentition.

EXPLANATION OF PLATE X.

Right ramus of the mandible of a very old male individual of a species of
MachcBrodus, from the Forest-bed of Kessingland, Suffolk. Fig. 1

shows the external surface, and fig. 2, the anterior aspect, on a scale

of ^ ; i. 3, outer incisor ; c. canine ;
pm. 4, premolar ; m. 1, true molar

(camassial or sectorial).

DiSCIJSSIOlT.

Prof. Flower said there was no doubt about the generic identi-

fication, but it was to be regretted that the upper jaw, with its

characteristic huge canine, had not also been found.

* See Cat. Foss. Mamm. Brit. Mus. pt. i. p. 48.

t Geol. Mag. 1869, dec. ii. vol. vi. p. 440, pi. vi.

\ This name is thirty years earlier than Iconinus, and (assuming the identity

of the Pikermi and Eppelsheim forms) should therefore be adopted.

Q.J.G.S. No. 167.
,

z
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Mr. W. Davies had carefully compared the specimen with the

fossils in the National Collection, and it approached most nearly to

M. leoninus from Pikermi and M. (Felis) aphanistus from Eppelsheim,

but differed from both. He pointed out the differences in detail.

Dr. Woodward called attention to the description by Prof. Eay
Lankester, in the * Geological Magazine ' for 1869, of a canine of

Machcerodus from. CiomeT. Bones or teeth of this genus had also

been found in Kent's Hole, at Creswell Crags, &c. The geographical

distribution of the genus was remarkable. Mr. Backhouse was to

be congratulated on this addition to our knowledge of the genus.

Mr. E. T. Newton had placed on the table the cast of the canine

from Cromer, which had been considered by Prof. Ray Lankester

nearest to M. cultridens. An incisor toqj:h had also been found in

the Porest-bed and was exhibited. A portion of a humerus in the

British Museum, and a fragment of a feline fibula in the Museum of

Practical Geology, perhaps also belonged to this genus.
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25. On the Existence of a Submarine Triassic Outlier in the

English Channel, off the Lizard. By E. N. Worth, Esq.,

F.G.S. (Read May 12, 1886.)

It is with great pleasure that I am able to report to the Geological

Society the existence of a submarine Triassic outlier in the English

Channel, off the Lizard. The possibility of the presence of Triassic

rocks in the Channel-area has been more than once suggested, and

the occasional dredging of a fragment of sandstone has strengthened

the hypothesis ; no distinct evidence has, however, until now been
procured.

A short time since Mr. Matthias Dunn, of Mevagissey, who is

intimately acquainted with all the conditions of the Channel fishery,

called my attention to the fact of the frequent occurrence of sand-

stone fragments in the bed of the Channel in a certain direction,

and at my desire promised to supply me with a series of specimens.

This he has now done, and the facts thus revealed are of a very

remarkable character. All the examples were brought up entangled

in the hooks of the fishermen's " long lines," which are laid along

the sea-bottom for distances ranging even up to six miles. The
positions from which the rocks come can therefore be ascertained

with considerable precision ; and each specimen or group of

specimens was accompanied by its compass-bearing on some well-

known point of the land, and the distance thence in miles. The
bearings are magnetic and strictly correct; the distances are

estimated, and therefore liable to a certain amount of error ; though

from constant practice and their knowledge of the peculiarities of

the sea-bottom the fishermen are singularly accurate in these

estimates.

The evidence that the rocks were in situ when entangled (partly

by the marine growths upon them, and partly by their irregularities

and the holes bored by Pholades) is clear. With two exceptions

only, to be referred to hereafter, the specimens retained the charac-

ters of the original bedding. The upper surfaces of the fragments

are, as a rule, bored ; the lower are either free from marine organisms,

or show only such minute ones as would grow on the under surface

of a slab of rocl^ that was gradually working loose from its parent

reef. In all probability most of my specimens were detached from
their places by the hooks that brought them to the surface.

The list of these rock specimens is as follows :

—

1. Lizard, 10 miles N.W.—Eine-grained, soft, red Triassic sand-

stone, in layers 1| to 2 inches thick.

2. Lizard, 15 miles ^N^.W.— Triassic sandstone of coarser grain,

mottled red and grey.

3. Manacles Hocks, 16 miles N.W.—Fine-grained soft sandstone,

grey, with a passing red tinge in places, in parts highly micaceous,

z2
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CODtaming both black and white micas, the former rather

segregative.

4. Falmouth Castle ,18 miles N.N.W.—Fine-grained, compact,

red, jaspideous sandstone, much bored, possibly an altered rock.

The specimen shows portions of two joint-faces, at right angles to

each other, which have evidently been protected from the ravages

of the Pholades.

5. Deadman, 25 miles N.E. by N.—This one spot supplied

examples of four distinct Triassic rock-forms :

—

a. Chocolate marl, spotted white. The edges of this nodule were
rounded, but it could hardly be called rolled. From its softness

this is very easily worn.

b. A " Potato Stone," partially coated with marl, and filled with

pinkish calcite. The inside of the shell was studded with small

brilliant pyramids of quartz. Five inches in longest external

diameter.

€. Grey sandstone.

d, A nodule of Triassic trap, which may have been partially

rolled, but was apparently in its form originally concretionary. It

is a hard red rock of meagre feel, slightly micaceous, and very

closely resembles some varieties of the Triassic trap of Thorverton,

with affinities, so far as macroscopic observation goes, to those of

Pocombe and Cawsand.

6. Deadman, 20 miles N. by E.—A light salmon-tinted drab cal-

careous sandstone, in a slab nearly two feet in longest diameter, the

under surface intact and slightly pitted. This is the only example

of the series that I am unable to match distinctly among the Eed
Rocks of Devon ; but its associations here are apparently Triassic,

and I therefore include it in my notes. Probably it may be identified

by those more familiar with Triassic detail than myself ; though,

indeed, it may not be Triassic at all.

It will be seen that the affinities of this series are with the

Keuper of Devon, and particularly with the rocks in the vicinity of

Sidmouth.

A comparison of the bearings given will show that the rocks from

which these specimens were derived lie to the S.E. of the Lizard

promontory, occupying an area of which the centre may approxi-

mately be given, on the data to hand, as about 10 miles S.E. of the

Lizard Head, and most of which lies beyond the 40-fathom line, and

all beyond the 30-fathom. Of course with the information at present

existing no attempt can be made to map out the boundary of this

submarine Triassic outlier ; but there is some evidence that it does

not extend to the eastward, approximately, beyond the meridian of

the Nare Head, in the fact that rocks brought up from the following

positions do not include any of Triassic character :—Deadman, 3

miles N.W. ; Deadman, 4 miles E. ; Deadman, N.E. 10 and 12

miles ; Deadman, 27 miles JST. by W. ; while the position which

yielded the calcareous sandstone (ISTo. 6) has produced pebbles of

granitic, granitoid, and quartzite rocks, with flints, with no distinct

example of Trias. So far as Falmouth Eay is concerned, we have
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the evidence also of the occurrence of ochreous ash 10 miles S.W. of

Falmouth itself.

I do not think it advisable to attempt more precise localization ;

but there can be little doubt that this submarine Triassic patch is

considerably larger than any of the land outliers of Devon. Hitherto

Portledge and Peppercombe in Barnstaple Bay, and Cawsand in

Plymouth Sound, have been the most westerly points known of the

English Trias. We are now enabled to carry it some fifty miles

further to the south-west.

Discussion,

The President pointed out the great interest of the facts observed

by the Author, and thought that his conclusions were highly prob-

able.

Eev. A. Irving owned to a feeling of uncertainty as to whether
the Author's conclusions could be regarded as well founded. Ho
thought that the probability was that off the Lizard there are a

number of erratic boulders, many of which may be derived from the

Trias, but at the same time he indicated the difficulty of identifying

these sandstone rocks when there was no palasontological evidence

to go upon.

Mr. HuDLESTON thought the evidence of the rock being in situ was
satisfactory.

Pev. A. Irving remarked that large boulders would split along

the bedding-planes.
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26. A CoNTETBUTioN to the HiSTOET of the Cexacea of the Norfolk
" PoEEST-BEj)." Ey E. T. Newton, Esq., E.G.S. (Read

April 7, 1886.)
[Plate XI.]

When the Geological Survey Memoirs on the geology and
palaeontology of the country around Cromer were published, it waa
hoped they would awaken an increased interest in the collecting of

fossils, more especially from the " Eorest-bed Series," and thus be

the means of increasing our knowledge of the fauna and flora of

these deposits. Since that time there has been a more energetic

collecting of " Eorest-bed " fossils, with the result that several new
forms have now to be added to our lists. My colleague, Mr. Clement
Eeid, has discovered a number of new plants, an account of which
will shortly be published. Regarding the vertebrate fauna, perhaps

the most remarkable addition has been that of the Ovibos moschatus,

from Trimingham, made known to us by Prof. W. Boyd Dawkins,
who has also recognized Cervus tetraceros from West Runton (Quart.

Journ. Geol. Soc. vol. xxxix. p. 575, and vol. xli. p. 243) and has

likewise discovered a new form of deer from Kessingland, to be called

Cervus Savini (Fioc. Roy. Soc. vol. xxxviii. p. 345), the description of

which has yet to be published. Hycena crocuta has been found at

Corton Cliff (Geol. Mag. dec. ii. vol. x. p. 433), and Mr. Savin has

fragments of this species from near Cromer. Several species which
were not well authenticated have now been confirmed by additional

examples : thus there is no longer any doubt as to the occurrence

of Cervus ela^hus, Mr. W. Davies, of the British Museum, having

determined an antler in the collection of Mr. Backhouse, of York,
The doubtful humerus of "Wolf has now been supplemented by a part

of a jaw from East Runton and a piece of tibia from Kessingland.

The latest acquisition has been made by Mr. Clement Reid, who,
during a recent holiday on the Norfolk coast, purchased from a

fisherman a tooth which had just been washed out of the " Eorest-

bed " at Sidestrand (PI. XI. fig. 1) ; this he recognized as new to the

deposits, and thinking that it was probably Sperm-Whale, kindly

left it with me for determination. There is no doubt as to the

horizon of this specimen ; for although found on the shore just after

a storm, as, indeed, is the case with most of the vertebrate fossils of

this deposit, it has, cemented to it by iron pyrites, the peculiar white

sandy matrix of the " Eorest-bed." This tooth is in a very perfect

condition, only the thin edges of the pulp-cavity being broken away,
and this has evidently been done by rolling on the shore subsequent

to removal from its resting-place. The summit has been rounded

by wear during life, in a manner similar to that which is seen in

the teeth of the recent Sperm-Whale ; and the external surface,

which is partly obscured by the incrusting sandy matrix, presents

a number of irregular longitudinal grooves, especially noticeable

towards the base. There is a slight, but distinct double curvature.
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and the entire tooth is flattened from side to side, particularly in^

the region of the pulp-cavity, the flattening being natural and not

due to post-mortem compression. The greatest thickness of the-

tooth is at a little more than a third from the apex, and from this

region to the base it becomes rapidly compressed. The large size of

the pulp-cavity and tlie entire absence of globular osteodentine

show that the tooth was not fully developed. The proportion of

dentine to cement is shown in the section (PI. XI. fig. 2). At the

middle of the tooth, where the larger diameter is 2-35 in., the den-

tinal core has a diameter of 1-7 in., and the cement is about 0*3 in.

thick on each side.

Measurements.
inch.

Greatest length of tooth 5-8

Greater diameter, one third from base 2*5

Lesser diameter, one third from base 1-6

Greater diameter, one third from apex 2-2

Lesser diameter, one third from apex 1'75

Greater diameter at base 2-6

Lesser diameter at base 1*3

Pulp-cavity extends from base 2-65

Thin sections examined with the microscope show the dentinal

tubules passing obliquely upwards from the axis with slight undu-
lations, and giving off at intervals fine anastomosing branches ; just

before reaching the cement layer the tubules become finer and ter-

minate in the granular layer, a more opaque band in which the

structure is obscure. Throughout the dentine, and especially to-

wards the peripheiy, the globular calcigerous cells are more distinct

than is usually \\iq case in mammalian teeth ; but this peculiarity

seems to be shared by other forms of marine mammals.
The minute characters of the cementum are remarkable, and

although repeated, in a less marked degree, in some recent forms,

they do not seem to have been fully described. Polished sections of

the cement, even when examined with a pocket lens, show series of

laminae, and under the microscope thin sections show these to be

composed of alternating, more or less transparent bands. In a

transverse section, besides the lacunae, which are arranged on the

whole parallel to the lamina), there are numerous " Sharpey's fibres"

which cross the bands. For the most part, these fibres are far

larger than the tubules of the dtjntine, and much less regular in size

and direction
;
passing from the inner side they undulate, crossing

and recrossing one another so as to produce a complex plaited

appearance. In a longitudinal section the undulations are seen to

be much more deeply curved (fig. 3, h to c). The fibres do not remain

of the same size throughout, but are enlarged at intervals, and be-

coming more opaque produce the appearance of spindle-shaped bodies.

When these bodies are examined with a power of 200 diameters or

more (fig. 4) they may be seen to contain one, two, or perhaps three

rows of indistinct spherules, which are probably calcigerous cells. The
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greater number of these spindles are aggregated in certain of the

laminae and, indeed, seem to be the cause of the greater opacity of

the darker bands.

The examination of some very thin sections of a recent Cachalot's

tooth failed at first to reveal these spindle-shaped bodies ; but a

closer examination of more carefully prepared sections showed that

the spindles were present, although not so obvious as in the fossil,

and they seemed to contain but one or perhaps two rows of calci-

gerous cells. Probably the condition of fossilization has much to do

with the distinctness of these bodies, which I have detected in the

thick cement of some other forms of mammals. With the excep-

tion of this variation in the structure of the cement, I see no
difference worth mentioning between this " Porest-bed " fossil and
the tooth of a recent Sperm-Whale. The presence of globular

osteodentine in the basal portion of the Cachalot's tooth is no doubt

characteristic : but its absence from the " Forest-bed " specimen

does not militate against the latter belonging to the same species

:

for it is obvious that there must have been a time with every tooth

when the osteodentine had not begun to be formed, and this fossil

is doubtless a young tooth in that condition. The absence of glob-

ular osteodentine from the Physeteroid teeth of the Hed Crag, which
have been called by Sir R. Owen Balcenodon pJiysaloides, cannot be

taken as evidence of their affinity with the " Forest -bed " specimen
;

for not only does it happen that osteodentine is sometimes present

in the Crag teeth, but the outward form of these fossils is different,

being more slender and cylindrical, and having always a propor-

tionately smaller core of dentine and a larger development of cement,

notwithstanding that there is much variation in the latter particular.

With the exception of the Cachalot's tooth noticed by Sir R.

Owen (Brit. Foss. Mamm. p. 524), as from "the superficial deposits

near the coast of Essex," which is of doubtful age*, I am not

aware that the Sperm-Whale has ever been noticed as a fossil in

this country. M. Gervais records several Physeter teeth from the

Pliocene of Montpellier and of Gironde (Gervais and Van Beneden,
' Osteographie des Cetaces,' 1880, p. 329, and Zool. et Pal. Fr. p. 285),

but these, being of a different form, have been doubtfully referred

to another species, Physeter antiquus.

At the present day the Sperm-Whale inhabits the tropical and
warmer temperate latitudes, but wanders occasionally both north-

wards and southwards. JN"umerous instances are on record of its

having been found on our own coasts ; the last, according to Bell

(Brit. Quadrupeds, 1874, p. 418), was stranded in Loch Scavaig,

I. of Skye, in 1871. The species is not altogether unknown on the

* There can be Uttle doubt that the figure of this tooth given in the ' British

Fossil Mammals ' at page 524 was drawn from the specimen in the Hunterian
Museum, Eoy. Coll. Surgeons, no. 2887, which in the catalogue is said to have
been presented by Mr. Darwin, and to be from S. America. This could not
have been the tooth to which Mr. Charlesworth referred in 1884 (Quart. Journ.
Geol. Soc. vol. i. p. 40, 1845), which was doubtless one of the Eed-Crag
Balcenodon teeth.
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Norfolk coast; for Mr. T. SouthweU ("Fauna of Norfolk," Trans.

Norf. and Norwich Nat. Hist. Soc. vol. i. p. 71) refers to a record of

a Sperm-Whale being washed on shore at Wells, and another at

Hunstanton, early in the 17th century.

Another interesting example of a " Forest-bed " fossil Cetacean

(PL XI. figs. 5, 7) is in the possession of Mr. Jas. Backhouse, of York,

who has been good enough to allow me to make use of it for these notes.

The specimen is a x^ortion of the ankylosed cervical vertebrae of a large

Whale, belonging to a genus not hitherto recognized in these Norfolk

deposits. Before describing this fossil, it will be well to give some
explanation of its condition and origin. The presence of oysters

and polyzoa on the surface would lead one to suspect that it had

been dredged, and that its age was therefore uncertain ; such, how-
ever, is not the case. The fossil was obtained through Mr. A. Savin,

of Cromer ; and in a letter he tells me that this mass of vertebrae

came from a low ledge of rocks (" Forest-bed") opposite Overstrand,

near Cromer, which is only exposed at very low spring-tides ; and as

these rocks would be for a greater part of the time in deep water,

the presence of oysters &c. adhering to the specimen is fully ac-

counted for ; moreover other examples of fossil bones covered with

marine organisms have been obtained from the same spot. I am
the more anxious to call attention to these facts because bones and

teeth in a similar condition to this specimen are not uncommon in

collections, and although many of them have doubtless been dredged,

this is not always the case, and such specimens may be true "Forest-

bed " fossils.

Mr. Backhouse's specimen is the right half of the seven cervical

vertebrae of a Whale, so' closely ankylosed that only the slightest

trace of their original distinctness is now discernible. The centra

have been broken through longitudinally and vertically, as nearly

as may be, in the middle line, and all the neural arches and processes

have been more or less broken away ; but sufficient remains to

enable one ^o trace the positions of the six intervertebral foramina

and thus to show that seven vertebrae are combined to form the mass
(fig. 5). Between these foramina, or grooves as they now are, may
be seen the surfaces from which the neural arches have been broken

away. Judging from these broken surfaces, the first neural arch

and superior transverse process were far larger than any of the

others. The second neural arch seems to have been next in point

of size, and then the seventh and fifth. The third, fourth, and
sixth are nearly of the same size and smaller than the others. The
first and second superior transverse processes seem to have been

closely united. The inferior transverse process of the second verte-

bra was large, as indicated by the broken base ; those of the third

and fourth vertebrae were slender, while the hinder three vertebrae

have no trace whatever of inferior transverse processes. The
double cup of the atlas for the reception of the condyles of the

skull must, when perfect, have been at least 17 inches across (the

one half being a little more than 8| inches). The outer edge of the

cup is to some extent denuded.
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The upper surfaces of the centra are nearly flat from side to side,

except at the front, where the median region sinks down into the
depression seen between the cups of the atlas. In a side view (fig. 5)
the upper surface makes a regular sweep from the hinder part, and is

continued upwards towards the top of the atlas. The hinder surface

of the seventh centrum is concave and, in outline, flattened from
above downwards ; but as it is a little broken both at the top and
bottom, the exact form is disguised. The width of this surface,

when complete, was probably 10| or 11 inches.

Measurements.

Porest-bed
fossil.

1

BalcBiia BalcBna

mysUcetus. hiscayensis ?

Coll. Surg. Brit. Mus.
2744. 338,/

Across both cups of atlas

Fore and aft length of lower sui-face

of centra

in.

17

9

in. in.

15-5 14

n-0 i 9

The cervical vertebrae of Cetacea vary much as to the extent to

which they become ankylosed together, and these variations are very

characteristic of the difl'erent genera. Among recent Whales the

only forms large enough to render a comparison of them with this

fossil desirable are BalcEnoptera^ Megajptera. Bahena, and Physeter.

In the first of these the cervical vertebrae, as a rule, remain

separate; but in exceptional cases two or three may be united.

Megaptem generally has two or three of the neck-vertebrae fixed

together. BalcEna has aU seven cervical vertebrae soldered into one

mass; but the divisions between the bodies are generally, if not

always, distinctly seen. In Physeter the first vertebra (atlas) is

always free, but the hinder six are more closely united than in any
other form.

The " Forest-bed " fossil has the seven cervical vertebrae closely

united, and it is obvious therefore that it comes nearer to

Balcena than to any of the other genera mentioned. There are three

examples of the united cervical vertebrae of Balcena mystieetus

available for comparison in the Museum of the Eoyal College of

Surgeons, which, by the courtesy of Prof. C. Stewart, I have been

able to examine and measure. In most of their characters these

specimens agree with Mr. Backhouse's fossil ; but in none of them
are the divisions between the vertebrae so completely obliterated.

As regards the number of inferior transverse processes, there is much
variation to be observed among them, and even the two sides of a

specimen do not always agree. It is evident from this and other

differences that a wide allowance must be made for individual varia-

tion. The point in which these specimens seem most to diff'er from

the fossil is in the concavity of the upper surfaces of the centra.
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This concavity is such that the intervertebral foramina are raised

much above the level of the floor of the neural canal, and this is not

the case in the fossil. Even in this particular, however, there is

some difi^erence among the recent examples ; but in none of them is

the upper surface so flat as it is in the fossil.

In the Cetacean Gallery of the British Museum, South Kensington,

there is a specimen of the cervical vertebra) of a JBalcena, labelled

B. hiscayensis (no. 338, /.), which has the upper surfaces of the

vertebrae more flattened, and therefore agrees better with this

fossil. There is one important point, however, in which this, as well

as the B. mi/sticetus, differs from this fossil, and that is in the pro-

portion between the width across the cups of the atlas and the

length of the vertebral centra measured along their lower surfaces,

as shown in the table of measurements on page 320.

The British-Museum specimen, which was dredged off Selsej, was
referred by Dr. Gray at first to Balcena hiscayensis, but afterwards

to a new species, and subsequently to a new genus (Proc. Zool. Soc.

1873, p. 140). In the latest catalogue of the British-Museum

Cetacea (by Prof. Flower, 1885) this specimen, in the absence of

sufficient evidence for separation, is included provisionally under

the name of Balcena austixdis.

By some authors B. hiscayensis^ B. australis, and B. antipodarum

are regarded as distinct sf)ecies ; but their cervical vertebrae,

as figured by Gervais and Van Beneden (Osteographie des Cetaces,

pis. i,, iii., and x.), do not show differences which can be taken as

definitely specific.

The fossil forms of Balama, Bala^nula, and Balcenotus described by
Van Beneden (" Ossem. Foss. d'Anvers," Ann. Mus. E-oy. Hist. Nat.

Belg. tome iv. part 2, 1880) may have some resemblance to the
*' Forest-bed " fossil, but are less nearly allied to it than some of the

recent forms.

Mr. Backhouse's specimen is certainly a Bakena, and possibly may
represent a new species ; but bearing in mind the uncertainty which
exists as to the living species of the genus, it is better not to give a

new name, but to refer the fossil provisionally to one of the recent

species. It is generally agreed that in the northern hemisphere

there are two true whalebone Whales—one the Balcena mysticetiis,

which is only found in high northern latitudes and always in the

neighbourhood of ice ; the other, which has been named B. hiscay-

ensis, is believed to be the form that, until quite modern times, was
an inhabitant of our own seas. At present there is some doubt as

to the southern species, B. australis and B. antipoclarum, being

distinct from B. hiscayensis ; but their identity has yet to be

established. Balcp-na mysticetus may, like some other northern

mammals, have found its way further south in later Pliocene times

than it does at the present day, and it is just possible that this

fossil might belong to that species ; but the available evidence seems

rather to favour its being referred provisionally to B. hiscayensis.

In the Survey Memoir on the " Forest-bed " Vertebrata two large

Cetacean vertebra) were noticed; but in the absence of sufficient
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evidence they were not named, but provisionally left vp'here one of

them had already been doubtfully placed, that is, in the genus

Balcenoptera. As we now know of two other genera of Whales in

the " Forest-bed," Physeter and Balcena, the question arises, may not

these vertebrae belong to one of these forms ? Let us take, in the first

place, the vertebra from Cromer, belonging to Mr. W. Barker of Bir-

mingham, to whom I am indebted for measurements and sketches

which enable me to give the following particulars of this largest

Whale vertebra with which I am acquainted. This specimen, which
has lost all its processes, measures about 16 inches across the

terminal face, and about 10§ inches from front to back. There is a

pair of surfaces below for the attachment of chevron bones, as well

.as evidence of the neural arches above, and at the side are the bases

of the broken transverse processes. Prom this it is clear that we
are dealing with a caudal vertebra which probably belonged to quite

the anterior part of that region. The variations in the proportions

of length to width in the vertebrae of the large Whales gives a clue

to the genus to which they belong, and judged by this standard

Mr. Barker's specimen agrees with the anterior caudal vertebrae of

Balcena, as shown in the table of measurements (p. 323). It is

quite possible that it belongs to the same species as the cervical

vertebrae above described, with Which it will for the present be asso-

ciated.

The second large Cetacean vertebra is in Mr Gunn's collection in

the Norwich Museum, and is from the " Forest-bed " of Eacton ; it is

almost as large as Mr. Barker's specimen, being nearly 15 inches in

diameter. Mr. Gunn has most kindly supplied me with measure-

ments and other information concerning this vertebra. The two
surfaces from which the neural arch has been broken away are seen

on the upper part, and at the sides are the bases of the transverse

processes. In the middle of the lower surface there is an irregular

thickened projection, which seems to be the characteristic ridge of

the Whale's lumbar vertebrae. Neither in form nor in the proportion

of length to breadth does this vertebra agree with the lumbar ver-

tebrae of either Physeter or Balcena. Its measurements, however,

agree fairly well with the lumbar vertebrae of Balcenoptera; and,

although the inferior ridge is stronger than in either of the recent

skeletons I have been able to examine, it seems highly probable that

it belonged to a species of that genus.

Other Cetacean vertebrae of smaller size have been found in the
" Forest-bed ;

" but with the exception of the two forms already

referred to Delphinus (Survey Memoir), their affinities have not been

determined.

The following list includes all the Cetacea at present known to

occur in the "Forest-bed":

—

Balsenoptera, sp., from Bacton.
Balsena biscayensis, from Overstrand.
Physeter macrocephalus, from Sidestrand.

Monodon monoceros, from Mundesley.
Delphinus delphis, from Overstrand.

sp, (near to D. tursio), from Overstrand.
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Table of Measurements.

32a

Transverse
diameter.

Length.

Percentage

of length

to

breadth.

Vertebra in IVIr. Barker's collection ...

Vertebra in Mr. Gunn's collection

~, , , \ 1st lumbar

in.

15-75

14-5

11-5

11-5

12-5

12-5

12-5

130
130
14-0

14-5

12-5

13-5

13-5

140
140
14-0

13-75

12-75

13-0

in.

10-5

11-0

9-5

10-0

11-25

11-0

11-0

100
10-25

12-5

12-75

8-25

10-25

10-25

9-5

10-0

12-0
.

11-25

8-5

8-5

66-6

75-8

82-6

86-9

90-0

88-0
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no. 2750 J

EXPLANATION OF PLATE XL

Fig. 1. Physeter macrocephalus. Tooth from the "Forest-bed" of Sidestrand.

Presented by Mr. Clement Keid to the Museum of Practical Geology.

I natural size.

2. Same specimen, cut through longitudinally, to show pulp-cavity and
proportion of dentine and cement.

3. Same specimen. Longitudinal section of portion of dentine and cement,
enlarged 20 diameters, to show the interlacing of the spindle-shaped
" Sharpey's fibres." a to h, dentine ; b to c, cementum.

4. Same specimen A few of the " Sharpey's fibres," with a few lacunse,

from lamina d in fig. 3, enlarged 215 diameters.

5. Balana hiscayensis. Side view of the right half of seven ankylosed
cervical vertebrjB, wanting the processes and neural arches, from the
" Forest-bed " of Overstrand, near Cromer, in the collection of
Mr. Jas. Backhouse, of York. ^ natural size.

6. Same specimen, with neural arcbes restored in outline. ^ natural size.

1. Same specimen, front view. ^ natural size.

8. Same specipaen, front view, with the neural arch and processes restored

in outline. ^ natural size.

Discussion.

Professor Flower said Mr. Newton's descriptions were very-

careful and exhaustive. Unfortunately, in the case of the larger
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Cetacea, despite the large "number of specimens recently added to

our collections, there was still a want in this country of sufficient

materials for comparison. Balcena biscayensis had almost died out

without specimens being procured, but fortunately it seemed to have
lately increased in numbers. Whales varied much individually, and
one skeleton of each species was insufficient for comparison.

With the general conclusions of the Author the speaker agreed.

He saw no reason for distinguishing the tooth on the table from
that of the Common Sperm-Whale. He doubted whether Balcena

biscayensis differed from B. australis ; but perhaps it was safer to

refer the specimen described to the first-named species. Mr.
Newton's collection gave a fair epitome of the Cetaceans inhabiting

British seas, as it contained examples of all the leading types.

Dr. WooDWAED inquired whether the remains might not be

rather later in time than the true Porest-bed age, especially if the

latter was a land period, and referable to the time when the Forest-

bed was being again submerged.

Mr. Clement Eeid thought the bones came from the Porest-bed,

as they agreed with specimens from that deposit in the state of

mineralization. He obtained the Sperm-Whale tooth himself from a

fisherman who had just found it, and he described the circumstances.

It was noteworthy that the large land-mammals of the Forest-bed

were extinct, whilst the Cetaceans appeared to be of recent species.

The Author thanked Prof. Flower for his remarks, and acknow-
ledged his indebtedness to Prof. Flower's writings in the working

out of these fossils.
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27. On the Upper Cretaceous Series and the Phosphatic Beds in

the Neighbourhood o/Mons (Belgium). By M. F. L. Cornet,

Member of the Koyal Academy of Sciences of Belgium, Foreign

Correspondent of the Geological Society of London, &c. (Head

April 21, 1880.)

The increasing importance of the use of phosphate of lime in

agriculture induces me to give to English geologists some account

of the beds that have been worked in Belgium during the last few
years.

The phosphatic beds of which I wish to speak are situated in

the province of Hainaut, near to the town of Mons, on the lands of

the Communes of Cuesmes, Ciply, Mesviu, Nouvelles, Spiennes, Saint

Symphorien, and Havre. This part of Belgium is traversed by
numerous railways and by a canal which enables boats of from 200
to 300 tons to penetrate to the centre of France, and to reach the

ports of Ghent, Ostend, Antwerp, Dunkirk, &c.

The working of the phosphate of lime began in 1870, and its

production, small at first, was not developed until 1877. The
following figures will show its increase from that date :

—

1877. Production in English tons . . 3,850

1878. „ „ 5,630

1879. „ „ 7,578
1880. „ „ 35,500

1881. „ „ 29,528
1882. „ „ 40,043
1883. „ „ 58,660
1884. „ „ 85,000

A large portion of this mass was sold in Great Britain and
Ireland, about 35,000 tons having been sent there in 1883,

It is probable that the annual yield will soon exceed 100,000
tons ; but the description which I am about to give will show that

a much higher figure may be reached.

Our beds of phosphate of lime occur in the Upper Cretaceous

series, the thickness and variety of the strata which constitute it

attaining greater importance in the neighbourhood of Mons than in

any other part of Western Euroi)e.

The Cretaceous series of the province of Hainaut belongs to the

great Anglo-French geological basin. It is deposited in a long and
deep valley excavated in the Coal-measures, its direction being from
cast to west. The deposits of chalk which have filled this great

trough have subse(|uently been partly denuded. A new valley

has been formed in it, also with its direction from east to west

;

this has been filled up by Tertiary beds, which in their turn have
been partially removed by the quaternary water- currents which
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have excavated the existing valley in which the river Haine like-

wise flows from east to west.

The subjoined diagram (fig. 1) gives a general idea of the super-

position of these beds. It is taken from north to south and passes

by the town of Mons, situated on an isolated hill in the middle of

the valley of the Haine.

Fig. 1.

—

Section througJi the Haine Valley.

(Yertical scale 1 : 20,000 ; horizontal scale 1 : 160,000.)

Mons.
Eribus
Hill. Ciply. Fault.

Tertiary

Strata.

(\. Upper Ypresian System. Sands with Nummulites planulatus,

I

2. Lower Ypresian System. Clay (London Clay).

•{ 3. Landenian System. Sands and Clays (Thanet Sands).

I

4. Montian System. Freshwater Limestone and coarse marine

\^
Limestone.

Cretaceous J 5. Upper Cretaceous beds with phosphate of lime.

Strata. 1 6. White Chalk, Grreen Marls and Sands, &c.

Palaeozoic

Strata.

Carboniferous

Series.

Devonian
]

Series. /

'7. Schists, Psammites, and Sandstones with coal

(Coal-measures).

1 8. Carboniferous Limestone (Mountain Lime-

y stone).

Sandstones, Quartzites, Schists (Lower Devonian 1.

The denudation which has excavated the valley in which the

Tertiary strata are deposited has cut deeply into the Cretaceous

beds, but has left intact on the southern slope the zone marked
No. 5 in our diagTam. This zone contains the phosphatic beds,

which I now proceeed to describe.

In their various geological publications, M. Briart and the author

of this paper have established in the Cretaceous series of the

province of Hainaut six great divisions or stages which they have
subdivided into groups. The two upper stages are constituted as

follows :

—

6th Stage.

5th Stage.

r Tufaceous Chalk of Ciply (Tufeau de Ciply).

\Malogne Conglomerate (Poudingue de la Malogne).

( Brown Phosphatic Chalk of Ciply.

I

Coarse Chalk of Spiennes.

White Chalk of Nouvelles.

White Chalk of Obourg.

j
White Chalk of Trivieres.

l^ White Chalk of St. Vaast.

I shall only discuss here the beds above the White Chalk of

Obourg.
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The deposit of White Chalk of IsTouvelles is formed of very pure

white chalk, containing from 98 to 99 per cent, of carbonate of Hme.
Nodules of black flint are of frequent occurrence. The principal

fossils met with are :

—

Belemnitella mucronata, Schl.

Ostrea vesicularis, Lamk.
Pecten cretosus, Defr.

Terebratula carnea, Sow.

Magas pumilus, Sow.

Khynchonella octoplicata, Sow.

subplicata, D'Orb.
Echinocorj's vulgaris, Breyn., var. ovata.

Ofiaster pilula, David.
Micraster Brongniarti, Heb.

M. Briart and I have correlated the Chalk of Nouvelles with the

Chalk of Meudon of French geologists.

It is useless for the purpose of this paper to describe the beds

which underlie the White Chalk of Nouvelles ; I shall, however,

give the details of the strata which overlie it. For this purpose I

will make use of the Section fig. 2, which is the exact representa-

tion of the beds uncovered in the quarries between Mesvin and
Ciply.

Fig. 2.

—

Section near Ciply and Mesvin.

(Vertical scale 1 : 2000 ; horizontal scale 1 : 4000.)
N. S.

There occur successively in descending order :

—

A. Quaternary Strata.—Loam adapted for brick-making overlyiug-

sandy loam, below which sand with gravel is often met with.
In this gravel flints worked by man have been found, and
numerous fossil bones, belonging chiefly to

—

B.

Elephas primigenius.

Rhinoceros tichorhinus.

Equus caballus.

Cervus elapbus.

Tertiary Strata.—Lower portion of the Landenian system of

Dumont, corresponding with the Thanet Sands of English
geologists. It is composed of glauconifcrous sands, the upper
part of which is loose, while the lower is very argillaceous and
compact. The following fossils are found in it

—

Gastornis Edwardsii, Lemoine.
Pholadomya Koninckii, Nyst.

Cyprina Morrisii, Sow.

At the base of the bed B a pebbly deposit is often found containing

flints, well rounded and mixed with nodules, sometimes very large,

of the same substance, and evidently derived from the destruction

of the Cretaceous strata. This deposit rests upon the Cretaceous
series (E) in the quarry where the section, fig. 2, was taken ; but
aJ.G.S. No. 167. 2 a
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on the opposite slope of the great valley, that is to say under the
town of Mens and northward, the Landenian system is separated
from the Cretaceous series by a very considerable thickness of highly
fossiliferous marine calcareous freestone, known by the name of

Calcaire grossier de Mons, and by marls and freshwater lime-
stone with Physa^ belonging to the Tertiary series. These deposits

constitute the stage to which Belgian geologists have given the name
of the Montian system (Systeme Montien). See fig. 1, N'o. 4.

C to E. Cretaceous Series.

C. Tufaceous CJialk of Cijoly.—This is a calcareous rock of coarse

texture, somewhat friable, white or slightly yellowish, chiefly

composed of carbonate of lime. It forms thin beds regularly

stratified, in which are occasionally found nodules of grey flint.

The Tufaceous Chalk of Ciply is the geological equivalent of a

part of the Tufaceous beds of Maestricht. The following are some
of its characteristic fossils :

—

Ostrea vesicularis, Lamh.
lateralis, 'NiU.

Janira quadricostata, d'Orh.

Crania Davidsoni, Bosq.

comosa, Bosq.

nodulosa, Honigh.
Thecidea papillata, Bronn.

longirostra, Bosq.

recurvirostra, Defrance.

Argiope Davidsoni, Bosq.

Terebratulina striata, Wahl.

Pentagonaster quinquelobus, d^Orh.

Hemipneustes striato-radiatus, d^Orb.

Cassidulus elongatus, Agass.

Oatopygiis pyriformis, Agass.

Temnocidaris danica, Cotteau.

Porosphora nuciformis. Gold/., sp.

Trochosmilia Faujasi, Edw. ^ H.

"With these species are found numerous Polyzoa. At many places

in quite the lower part of these beds a conglomerate occurs, its

thickness varying from some inches to several feet. It is formed of

brown nodules, re-united by a more or less coherent paste of car-

bonate of lime. The greater number of the nodules have a diameter

from -jig- in. to 2 inches. Their chemical composition, determined by
M. Peterman, director of the Agricultural Station of Gembloux, is

as follows * :

—

Lime 51-22

Magnesia 1'30

Oxide of Iron and Alumina 2'56

Potash 0-21

Soda 0-53

Carbonic acid 18'61

Sulphuric acid 1*36

Phosphoric acid 22*48

Silicic acid 1'14

Isoluble matter in the oxides 0*22

Organic mater. Traces of Fluorine and "1 q.ow

Chlorine j

100-00

This conglomerate is that to which the name of " Poudingue de

* Bulletin de rAcademie Royale de Belgique, 2^ ser. vol. xxxix.
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la Malogne has been given." Several attempts to work the phos-

phate of lime had soon to be abandoned on account of the irregu-

larities of the bed.

This conglomerate of Malogne has been proved to be extremely

rich in fossils at certain spots in the neighbourhood of Ciply ; but

the most abundant species are found also in the Tufaceous Chalk, or

in the brown phosphatic chalk which I am about to describe *.

D. Brown Phosphatic Challc of Ciply.—It may be described in

three subdivisions, which are :

—

<7\ Calcareous rock of coarse texture, whitish, rough to the touch,

somewhat friable, and stratified in regular beds. There are a

few continuous beds of grey flint. The upper strata consist

almost entirely of carbonate of lime. Eelow there are beds in

which brown phosphatic grains appear mingled with some
grains of glauconite. The quantity of phosphate increases in

going deeper, and thus we arrive, without any sudden transition,

at the veritable brown phosphatic chalk. Total thickness

from 20 to 30 feet.

The fauna of the beds cV is the same as that of the lower

deposit, fP. Some species, however, occur there in greater abund-

ance. I may name, amongst others, Thecidea papillata, relatively

rare in d~ and (Z'\ but abundant in d^.

d^. Coarse-grained calcareous rock of a very pronounced greyish-

brown colour, rough to the touch, somewhat brittle, stratified

in regular beds, but in which the grey flints are rare. It is

composed of a mixture of carbonate and phosphate of lime.

This latter enters into the composition of very small brown
grains, scarcely visible to the naked eye.

According to M. Peterman's analyses, this rock has the following

composition t:

—

Organic matter 2-83

Lime 53-24

Magnesia 0'12

Oxide of Iron and Alumina I'Dl

Potashand Soda 0-19

Carbonic acid 2810
Sulphuric acid 089
Phosphoric acid ll-()6

Silica and Sand l-9()

Fluorine and Chlorine trace.^

100-00

I would call attention to the large proportion of nitrogenized

* Most of the Cretaceous fossils of Ciply ^rhich are in the pubhc col-

lections of England and France were derived from the Conglomerate beds

of Malogne.

t BulL Acad. Eoyale de Belgique, 2^ s6r. vol. xxxiz.

2a2
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organic matter which the Brown Phosphatic Chalk contains. It is

to this substance that one must attribute the following fact, which
has been pointed out by Professor Melsens of Brussels * :

—

" The carbonic acid which is disengaged when the rock is treated

with hydrochloric acid has a peculiar odour, reminding one of the

smell of a marsh ; when the disengagement of carbonic acid has

ceased, and the acid liquid is heated, this marsh odour becomes
stronger, and forcibly recalls the smell of the mud of ponds/'

In the subdivision d^ a good many remains of Saurians and of

Pish have been found, consisting chiefly of teeth and vertebrae, but

the abundance of marine shells gives a very remarkable palaeonto-

logical character to this deposit. A large number of specimens,

such as the oysters, are found with their two valves united. The
most common species are :

—

Ditrupa Mosse, Bronn, sp.

Belemnitella raucronata, Schl., sp.

Baculites Faujasi, LamJc.

Pecten pulchellus, Nils.

cretosus, Befr.

cicatrisatus, Goldf.

Janira substriato-costata, cVOrb.

Lima semisulcata, Goldf.

Avicula c£erules(fens, Nils,

Ostrea santonensis ?, d'Orh.

lateralis, Nils.

larva, Lamk.
lu]->ata, Lamk.
vesicularis, Lamk.
acutirostris, Nils.

curyirostris, Nils.

podopsidea, Nyst.

Ebjucbonella octoplicata, Sow., sp.

subplicata, d' Orb.

plicatilis, Sow.

Terebratula semiglobosa, Sow.
carnea, Sow.
Sowerbyi, Hagenow.

Terebratulina striata, Wahl., sp.

Terebrirostra Davidsoniana, Be Byckh.
plicata, Bosquet.

Terebratella Humboldti, Hagenow.
Argiope Davidsoni, Bosquet.

Trigonosenius elegans, Konig.
Palissi, Woodw., sp.

Thecidea papillata, Bronn.
recurvirostra, Befr.

Crania Parisiensis, Befr.

antiqua, Befr.

egnabergensis, Betzius.

Eequienia ciplyana, Be Eyck.
Catopygus fenestratus, Agass.

Oardiaster anancbytis, d'Orh.

Cidaris Faujasi, Besor.

The thickness of the subdivision cf is from 20 to 30 feet.

d^. This subdivision is composed of a coarse phosphatic calcareous

rock identical with that of the subdivision cZ^, but with numerous
nodules of flint, isolated or arranged in continuous beds. This

flint is brown in colour, often imperfect and with hoUow
spaces. It contains sometimes from 10 to 14 per cent, of
phosphate of lime. The fossils are less common than in the

bed <:?", but they belong to the same species f- Besides, in d^

numerous siliceous sponges are found.

These flints show by their texture that they also have had an
organic origin.

* BuU. Acad. Eoyale de Belgique, 2^ ser. vol, xxxviii.

t In March 1885, the nearly entn-e skeleton of a Saurian, measuring with the

tail 50 feet in lengtb, was found at Mesvin in the beds of phosphatic and flinty

chalk d^. This gigantic fossil now forms part of the collection of the Eoyal
Museum of Natural History of Brussels. It has been described by M. Dollo,

who has given it the name of Rainosawms Benmrdi.
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The beds of cV have altogether a thickness of from 40 to 50 feet,

but the proportion of phosphate of lime diminishes with the depth.

Near the base the beds are almost entirely composed of carbonate

of lime, alternating with phosphatic layers. We pass thus without

sudden transition to the Chalk of Spiennes.

E. Coarse Chalh of Sjnennes.—This is a coarse whitish chalk,

rough to the touch, forming regular beds, and composed almost

entirely of carbonate of lime. In it grey flint occurs abundantly,

both in isolated nodules and in continuous and massive layers.

Fossils are somewhat rare in the Chalk of Spiennes. The prin-

cipal are :

—

Belemnitella mucronata, SckL, sp.

Ostrea vesicularis, Lanik.

Terebratula camea, 8ow.

Rhyuclionella octoplicata, Sow., sp.

Echinocorys vulgaris, Breyn., var. ovata.

These are the species found everywhere in the Upper White Chalk

of England, Germany, and France (Chalk of Meudon). They are

found also in the White Chalk of Nouvelles which uuderhes the Chalk

of Spiennes ; but in the latter, species appear which are only found

in the Upper Cretaceous deposits. These are :

—

Baculites Faujasi, Lamk.
Pecten pulchellus, Nils.

Lima semisulcata, Goldf.

Avicula caerulescens, Nils.

Ostrea acutirostris, Nils.

Rhynchonella subplicata, cV Orb.

Terebratula Sowerbyi, Hagenow.
Trigonosemus PaHssi, Woodw.
Thecidea papillata, Bronn.
Crania egnabergensis, Eetzius,

Oardiaster aiianchvtis. d' Orb.

The greatest ascertained thickness of the Chalk of Spiennes

exceeds 160 feet.

I am of opinion that the Brown Phosphatic Chalk of Ciply (D)

and the Chalk of Spiennes (E) should be regarded as forming

together one geological whole, a peculiar stage of the Belgian

Cretaceous Series. This stage is here clearly defined by two
surfaces of denudation. Before the deposition of the Chalk of

Spiennes, the Chalk of jSTouvelles had been deeply eroded by denuda-

tion. The same was the case with the Brown Phosphatic Chalk

before the deposition of the Tufaceous Chalk of Ciply, but the two
surfaces of denudation are not parallel. Hence it results that the

superposition of the beds seen at Ciply and atMesvin, as represented

in fig. 2, does not exist everywhere on the line of outcrop of

the phosphatic beds. It is only in the workings at Mesvin that

the upper beds d} have been found. To the east of this locality

the Tufaceous Chalk (Tufeau) lies upon the subdivision d- or on d^.

Westward the two surfaces of denudation come near to each other,

near enough to account for the disappearance of the Chalk of

Spiennes, of all or a great part of the beds d\ and of all the beds cZ\

In this last instance the superposition is indicated by fig. 3.
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Fig. 3.

—

Section near Cuesmes. (Scale 1 : 1000.)

A. Quaternary strata.

B. Tertiary strata. Landenian system.

0. Tufaceous Chalk of Oiply, with conglomerate at the base.

d\ Brown Phosphatic Chalk with conglomerate at the base.

F. White Chalk of Nouvelles.

Fig. 4.

—

Geological Sketch Majp, sliowing tlie Extension of the Phos-

phatic GhalTc of Gi'ply, near Mons, in Belgium.

(Scale i : 100,000.)

MiM Tufaceous Chalk of Ciply.
\^M\ ^^^^^ ^^ Spiennes.

^»l Phosphatic Chalk of Ciply. [^ White^Chalk of Nouvelles.

Eailway.
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The Tufaceous Chalk (C) passes transgressively over the Chalk of

Nouvelles(F), which directly underlies the brown phosphatic chalk d\
A conglomerate (Foudinc/ue de la Mcdogne) app(?ars under the

Tufaceous Chalk, but another analogous deposit, to which M. Briarfc

and I have given the name of Conglomerate of Cucsmcs, is seen on
the denuded surface of the Chalk of iSouvelles. This conglomerate,

of which the thickness varies from a few inches to several feet, is

composed of brown nodules, so rich in phosphate of lime that it

sometimes exceeds 45 per cent. A great number of these nodules

are the interior casts of fossil shells.

The above description will suffice to give a correct idea of the

extent and importance of the beds of phosphatic chalk in the

neighbourhood of Mous. To enable the reader to appi-eciate their

importance from their superficial area, the map (tig. 4) is here

given. It is a geological map, drawn to the scale of 1 : 100,000,

and in which the Tertiary deposits are not represented. The phos-

phatic beds are spread out in an elliptical basin, the greater axis of

which is in a direction from south-west to north-east and measures

5 English miles. The length of its smaller axis probably exceeds

3 miles ; nothing can, however, be affirmed with certainty on this

point, as the northern limit of the phosphatic deposit is not yet well

known. But its southern boundary has been traced as clearly as

possible, as laid down on the map ; it measures 8 miles in length.

It is along this southern limit that the phosphate workings are now
carried on.

Up to the present time, the workings at Cuesmes, Ciply, and
Hesvin have only been carried to the surface of the underground

water-level, \\hich is found everywhere at a certain depth in the

Cretaceous strata in the neighbourhood of Mens. The Brown Phos-

phatic Chalk has there the greyish-brown tint of which I have

already spoken ; but towards the eastern extremity of the phosphatic

basin, between St. Symphorien and Havre, the workings are carried

on below the underground water-level. The Brown Phosphatic

Chalk there exhibits a colour strikingly different from that of

Cuesmes, Ciply, and ^lesvin. It is of a very dark bluish green, and
might from its appearance at first sight be confounded with certain

glauconiferous chalks occurring in several geological stages of the

neighbourhood of Mens. Nevertheless, as regards its chemical

composition, the phosphatic chalk of St. Symphorien and Havre
does not differ materially from that which is worked more to the

westward. The difference of colour seems to be due to different

degrees of oxidization of the small quantity of iron contained in the

rock.

The oldest workings of phosphate of lime in the neighbourhood of

Hons were begun in 1872 ; but, having only for their object the

extraction and treatment of the nodules of the conglomerate of

Malogne, they were soon abandoned.
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It was in 1874 that the first quarry was opened at Ciplj^ for the

working of the Brown Phosphatic Chalk of the subdivision d^. The
analysis of this chalk already given shows that it is too poor in

phosphate and too rich in carbonate of lime to be treated by sulphuric

acid in the manufacture of superphosphate. But by simple mechanical
processes, either by dry or wet methods, a product is obtained which
contains from 40 to 50 per cent, of phosphate. If these processes

are preceded by calcination of the chalk and hydration of the lime

thus produced, a phosphate is obtained of from 50 to 60 per cent.

Some experiments now being made lead us to hope that a propor-

tion of Qb per cent, may be reached.

The industrial means employed for enriching the brown phosphatic

chalk consist in reducing the proportion of carbonate of lime which
is contained in the rock. These processes are only an imitation of

what has taken place naturally at certain points of the outcrop of

the phosphatic beds. By the action of a solvent, which was probably

surface-water charged with carbonic acid, the brown chalk has lost

the greater part cf the lime which it contained in the state of

carbonate, and has been transformed into a substance known under
the name of rich pliospliate.

The rich phosphate is only found in those places where the brown
chalk of the subdivisions d^ and d^ comes in contact with the post-

Cretaceous beds. It never occurs when the beds present the

superposition indicated in fig. 3, that is to say when the Tufaceous

Chalk entirely covers the Brown Chalk, but it is met with almost

always where the stratification is as shown in fig. 2.

The rich phosphate occurs under two diff'erent physical con-

ditions, according as it is found above or below the level of the

underground water. In the first case, which is that of the actual

workings at Cuesmes, Mesvin, Ciply, Nouvelles, and a part of St.

Symphorien, it presents itself in the form of a powdery substance of

a bright yellow or reddish-yellow colour, much resembling certain

very fine ferruginous sands. The richness of this substance in

phosphate of lime varies from 45 to 67 per cent. The following is

the composition of an average specimen from Mesvin, given by
Dr. Peterman * (the material has probably been dried) :

—

Organic matter 5'21

Oxide of Iron and Alumina 3*96

Lime 41-72

Magnesia 0-84

Potash 1-00

Soda 1-13

Phosphoric acid 27-79

Sulphuric acid 1-18

Carbonic acid 5*06

Insoluble matter (Silica, Sand) 10-68

Chlorine traces

Fluorine and loss 1-43

100-00

5^ BuU. de I'Acad. Eoyale de Belgique, 3^ s6r. vol. i.
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Between the villages of St. Symphorien and Havre the rich

phosphate is met with below the level of the underground water.

The substance here has a greenish-blue tint, very different from that

of the rich phosphate of Mesvin, Ciply, &c. Its chemical composition

has been determined as follows by Professor Bias of Louvain * :

—

Dried substance preserved in the air of the laboratory'.

1. Water at 115° C 060
2. Organic matter 2-67

3. Iron oxide 207
4. Alumina 1*72

5. Lime 38-52

6. Magnesia 0*40

7. Potash 003
8. Soda 1-47

9. Phosphoric acid 25'85

10. Sulphuric acid 4*05

11. Carbonic acid 5'40

12. Silica •. 14-00

13. Chlorine 0*15

14. Fluorine 2-38

15. Impurities in the Silica 060

Deduct :—
For an equivalent of fluorine and an "j

equivalent of oxygen 100 1 103
For an equivalent of chlorine 0-03;

Balance 98-88

Manganese and other bodies not determined 1*12

10000

M. Bias found traces of iodine in the residue.

According to the two analyses which I have just given, there

are notable differences between the rich reddish-yellow phosphate of

Mesvin and the rich greenish-blue phosphate of Havre. The latter

contains less organic matter than the former, but more insoluble

substances and more fluorine. These differences are probably due

to various causes, which I will not enter upon here. I mil only

remark that the rich phosphate of Mesvin, analyzed by M. Peterman,

was derived from a deposit resting upon the brown chalk without

flints, d' ; whilst that at Havre, the rich phosphate of which M. Bias

has given the composition, was superimposed upon the brown chalk

with flints, d^.

The extraction of the rich phosphate was commenced in 1879, on
the land of the Commune of Mesvin. Since then the workings have

been successively extended to Ciply, St. Symphorien, Havre, Nou-
velles, and Cuesmes, that is to say nearly everywhere that the Brown
Phosphatic Chalk is not covered by the Tufaceous Chalk.

It is at Mesvin, Ciply, and Cuesmes that the beds most remarkable

for their thickness have been found. Pig. 5 gives the exact repre-

* Bull, de I'Acad. Royale de Belgique, 3^ ser, vol. viii.
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sentation of an open quarry at Mes-
vin ; and fig. 6 represents the hori-

zontal section of the portion indicated

by the line x y.

The following is the description of

this quarry :

—

A. The upper part is vegetable soil,

mixed with humus and yery

fertile. Below it is a reddish-

brown loam, without lime, well

adapted for the manufacture of

bricks. Occasionally small frag-

ments of flint are met with.

A'. Yellow calcareous loam, sometimes
very distinctly stratified, and
often containing small rounded
grains of white chalk. It is

this deposit which Belgian geo-

logists designate by the name
of Ergeron. Occasionally, and
in some abundance, the foUow-
iug shells are found :

—

Helix hispida.

Pupa muscorum.
Succinea oblonga.

These three species still live in

the locality, but the living shells are

of much larger dimensions than the

fossil.

A^. Stratified beds of sandy loam,

sand, and small rolled fragments

of flint and of white chalk, rest-

ing on a pebbly mass composed

chiefly of debris of rather large

and subangular flints, mixed
with fragments of various Ter-

tiary and Devonian rocks. There

have been found in this depo-

sit, generally in the lower part,

numerous bones of Mammoth,
Ehinoceros, Ox, Horse, &c., with

flints worked by man. I my-
self have found many, amongst

which are several specimens of

a more perfect form than any

of the remains of human in-

dustry hitherto discovered in the

Quaternary alluvium.
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The beds A^ and A" are not continuous, but in one or other in the

Mesvin quarry numerous breaks occur. The brick-earth A often

rests upon A", and even on B.

B. Lower stage of the Landenian system, consisting of grains of

quartz and glauconite cemented by a more or less abundant
argillaceous matrix. Underneath there is a bed containing

black flint pebbles and nodules derived from the Chalk.

The natural colour of stage B is dark greenish-blue, but at many
})laces it has acquired a yellowish ferruginous tint, in consequence

of the alteration of the glauconite.

d^. Brown phosphatic chalk without flints, containing many fossil

shells, the shells consisting of carbonate of lime.

cZ•^ Brown phosphatic chalk with flint nodules, scattered or

arranged in continuous layers. Also numerous fossils with the

shells of carbonate of lime, and sponges changed into flint.

PR. A yellow-brown, powdery rich phosphate ; its chemical com-
position given above. It fills pockets, whose walls, formed by
the brown phosphatic chalk, are sharp, clean, and without any
transition between the two substances in contact. Eossil shells,

- such as the Belemnitellcr and Oysters, are often cut through

by the line of separation, and only the portions of those shells

that are imbedded in the chalk are preserved ; the parts which
should have been prolonged into the rich phosphate do not

exist. The fossil remains found in it are only siliceous sponges,

teeth and vertebrae of Sharks and of Saurians, Hainosaurus,

Mosasaurus, &c. Nodules of flint also occur, similar to those

found in the Chalk d^.

Fig. 6.—i/orizontcd Section \

in Fig. 5.

the plane indicated hy the line x-y
(Scale 1 : 500.)

The pockets represented in figs. 5 ajid (J were from 40 to

50 feet in maximum diameter, and from 20 to 25 feet in depth

;

but some have been discovered of much larger dimensions. Several

of them have furnished nearly 2000 tons of rich phosphate.

It seems evident to the author of this paper, and it is likewise the

opinion of all the geologists who have studied the deposits just
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described, that the rich phosphate is the residue of a chemical altera-

tion undergone by the Brown Phosphatic Chalk after its deposition.

This alteration has caused the fossil shells preserved as carbonate of

lime to disappear, together with the greater part of the carbonate

of lime originally contained in the rock. It has not aifected the

flints or the siliceous sponges, or the bones of vertebrate animals, in

the composition of which there is a large proportion of phosphate

of lime.

The agent which has dissolved the carbonate of lime could only

have been water charged with carbonic acid. Any other acid

would at the same time have acted on the phosphate as well as on
the carbonate.

The water, rendered corrosive by carbonic acid, has not come
from the interior of the earth, that is to say it is not water from
springs ; for if such had been the case, it would have first attacked

the beds of "White Chalk which underlie the Brown Phosphatic Chalk.

One would only find the cavities produced by its action, and the

pockets of rich phosphate would be found not only at the places

where the Brown Phosphatic Chalk underlies the Tertiary or Quater-

nary deposits, but also where it is covered by the Tufaceous Chalk.

But up to the present time nothing of this sort has been found to

exist, notwithstanding the extent of the works in the neighbourhood

of Mons. A few pockets have been discovered under the Tufaceous

Chalk, but only where it was from two to three feet thick. In this

last instance, the Tufaceous Chalk was traversed by a pocket of

which the upper part was always found filled with Tertiary or

Quaternary deposits. Sometimes also pockets of rich phosphate

have been worked in the White Chalk, but it has also always

been proved that they were only the prolongation in depth of

those which traversed the Brown Phosphatic Chalk. The dissolving

action had not been arrested at the base of this latter, but it had
penetrated into the White Chalk, which is composed of nearly pure

carbonate of lime.
*

Since the water charged with carbonic acid has not risen from

below, it could only have come from above. We must look to the

atmosphere for its source.

The study of the phosphatic beds of the neighbourhood of Mons
raises many scientific questions of the highest interest : but I shall

not now attempt to discuss them. I shall confine myself to saying

a few words on one point only.

At those places where the succession of the beds of phosphatic

chalk, d} and d^, is complete, the total thickness is from 60 to 85
feet. This would give an average of 70 feet.

The specific gravity of the phosphatic chalk, drained of the quarry

water, is 1*55. A cubic foot of this rock weighs therefore 31 lb.

12 oz. We may therefore take as a mean minimum a proportion

of tribasic phosphate of lime of 18 per cent. One cubic foot

therefore would contain 5 lb. 11 oz., and 70 cubic feet 355 lb.;

that is to say, that for every square foot measured on the surface of
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the phosphatic deposit, taken at its mean depth of 70 feet, there

exists a quantity of tribasic phosphate of lime equal to that con-

tained in the bodies of 80 living human beings *.

To what cause can the deposit of so prodigious a quantity of phos-

phate of lime be attributed?

Three points are indisputable :

—

1. The phosphate contained in the brown chalk of Ciply is of

animal origin, as is proved by the large proportion of nitrogenized

organic matter contained in it.

2. It was deposited in a sea that nourished a numerous fauna of

shells, and in which existed fish and great marine Saurians.

3. Its deposition was effected tranquilly, as is proved by the

great regularity of the beds, and by the condition of the fossil

shells, which have often their two valves united.

So far as I know, there has been no discovery, up to the present

time, in other parts of the globe, of phosphatic beds analogous to

those of the environs of Mons ; but there exists in nature a fact

which may perhaps explain the formation of the beds of the brown
chalk of Ciply. In the ' New Universal Geography,'by Elisee Eeclus,

the following statement occurs t :

—

" At the period of change of the monsoon, chiefly in October and
November, millions of all kinds of dead fish are thrown up by the sea

on the coasts of Pcrim and of Aden. In order that the air should not

be tainted, the inhabitants set to work to bury this mass of putrefied

flesh. What is the cause of this mortality among the fish ? The
natives attribute it to some poisonous substance, whilst King ascribes

it to electrical phenomena caused by the change of the season X'

The myriads of organisms which perish under the incessantly re-

newed layers of successive organisms, suffice in many localities to feed

springs of the oily materials, which ooze out upon the seashore "§.

The cause that leads to the mortality of the animals inhabiting the

waters of the Gulf of Aden does not, however, concern the question

before us. The important fact is, that at certain seasons of the

year, i. e. periodically, there is an accumulation, on certain parts of

the southern coast of the Peninsula of Arabia, of animal substances

very rich in tribasic phosphate of lime. There is no reason why we
should not admit that the same phenomenon may have been in

action at different periods of geological time. One may therefore

ask, whether it was not to a similar action, coincident perhaps with

a slow depression of the coast, that the formation of the Brown Phos-

phatic Chalk of Ciply may be attributed.

Discission.

The President said that two important considerations arose from
this paper :—(1) that these beds were amongst the very highest in

* See on this subject the calculations of M. Melsens, 'Bulletin de TAcad^mie
Royale de Belgique,' 2^ ser. vol. xxxviii. p. 40.

t Vol. ix. pp. 8(')9, 870. I 'Geographical Magazine,' 1877.

§ Oscar Fraas, ' Aus dem Orient.*
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the Chalk ; (2) the interesting facts as to the possible formation of

the phosphates.

Prof. Prestwigh remarked on the great interest of the paper, both
palseontologically and mineralogically. In the Paris basin and in

England the Chalk stops with the Senonian ; but here we have a

deposit which lies between the equivalents of the Maestricht Chalk

and the Senonian : he considered the evidence of its distinctive

character very satisfactory.

In this country a few of the lower beds of the Chalk contain

phosphates, but they are of little importance.

It was remarkable that the deposit should be confined to so small

a district. It was singular also that in the neighbourhood of

Mons not only should the Cretaceous series be more complete than

anywhere else, but also the Lower Tertiary series,. Even the

Quaternary beds show the same completeness.

He considered the explanation as to the origin of the phosphates

interesting, and alluded to the beds of phosphate of lime at Quercy.

Mr. Bauerman congratulated the Society on the valuable paper

they had heard from their distinguished Belgian correspondent,

whose example he hoped would stimulate contributions from other

foreign Members. He observed that there was very little to criticize.

He was disposed to agree with the Author's explanation as regards

origin—an instance of differential separation in weak acidulous

waters ; he quoted an analogous case in the Devonian limestones of

the Lahn valley, and the formation of staffelite. He further instanced

the deposits of Leadville, in which the less soluble substances had
been deposited as carbonates in the hollows of limestones below.

Dr. Duncan admired the fossils, and observed that the species of

Gatopygus approximates more to the recent forms than does the

one from the Lower Chalk.

Mr. Blaneord thought there might be some mistake as to the

quotation with reference to Perim and Aden, and suggested that the

locality where the periodical destruction of fish-life occurred was
the Malabar coast.

Dr. Hicks had observed in Cambrian and Silurian beds an increase

of phosphates corresponding to an increase in animal remains. He
thought some of the results might be due to secondary causes.

Dr. Woodward thought that possibly the phosphate in the Brown
Chalk of Ciply might not have been of contemporaneous origin, but

derived in some way from Tertiary beds above.

Mr. HuDLESTON pointed out that this latter suggestion was
scarcely justified by the facts, since the Phosphatic Chalk was pro-

tected by the Tufaceous Chalk. He referred to the abundant remains

of fish and saurians in the bed as indicating, in part at least, the

source of the phosphate.

The President, in conclusion, said the thanks of the Society were

due to Mrs. Prestwich for her excellent translation of the paper.
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28. On a certain Fossiliferous Pebble-Band in the "Olive Group

of the Eastern Salt Kange, Punjab. By A. B. Wynne, Esq.,

E.G.S. (Read April 21, 1886.)

Not long ago I received from my friend Dr. H. K. Warth some very

interesting specimens, including fossil Conularice, discovered by him
in the Eastern Salt Range, parts of which region I had examined
from his bungalow at the Mayo Salt-mines, and sometimes in his

company. His discovery was the subject of a short paper by myself

read before the Royal Geological Society of Ireland, an abstract of

which appeared in the ' Geological Magazine ' for March 1886.

Almost immediately afterwards, the Records of the Geological

Survey of India (vol. xix. pt. 1, 1886) having reached me, I found

therein a paper on the same subject by Dr. Waagen, of Prague. The
treatment of the matter in this paper and the extent to which its

deductions are carried with regard to the geology of the whole
Eastern Hemisphere are too important in their bearing upon Salt-

Range geology and stratigraphy to be quite passed over by an indi-

vidual who had the largest part of the task of examining that

Range for the Geological Survey of India.

So far as the paper now referred to deals with the stratigraphy of

the Range, I am in a position to offer opinions the result of direct

observation ; where it deals with purely paloeontological matter, I

offer none; and where it embraces collateral questions, bearing

upon the geology of half the earth, depending upon stratigraphic

features of the Range, I claim recognition of the observed facts

only so far as my own part in these observations is involved, or

where these are supported by the independent views of others.

The fossils discovered by Dr. Warth about a year ago in a locally

upper, or the uppermost thin layer of a certain Boulder-bed with
glaciated blocks, in the " Olive Group " of the Salt-Range series,

have been determined by Dr. Waagen to comprise ten Palaeozoic

species, which he finally (so far) decides to belong to the Carboni-

ferous period*. The age of this " Olive Group " having been pre-

viously fixed by Dr. Waagen and myself as probably Cretaceous t,

anything tending to throw additional light in that direction would

* See my Salt-Range Report, Mem. Geol. Surv. Ind. vol. xiv. p. 67 &c.

t The fossils from this group described by Dr. Waagen are :
—

6. Atomodesma(?), Waagen.
7. Aviculopecten, of. limjvformis,

Morris.

8. Discina, sp. indet.

9. Serpulites Warthi, n. sp., Waagen.
10. tuba, n. sp., Waagen.

AU except the fourth are figured in Dr. Waagen's plate, and all except the

first two are given by him as cither new species or doubtful, that is to say
requiring further comparison.

1. Conularia laevigata, Morris.

2. tenuistriata, M'Cog.
3. irregularis, de Koninck.

4. Bucania, cf. kattaensis, Waagen.
5. Nucula, sp. indet.
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be valuable. We had no doubt that part of the group, but not at

this locality, contained Terehratula Flemingi, Davidson, and to this

Dr. Waagen now adds Cardita Beaumonti, another Cretaceous form,

while Dr. Warth informs me he has recently obtained, at its upper-

most limits, " Turtle, 3 feet in length," fish-teeth (" Lamna, sp.,

Otodus, sp., Hemipristis, sp., Capitodus, sp."), '^Belemnites and shells."

Both Dr. T. Oldham and myself had previously observed fossils at this

horizon in the eastern part of the Range, but they were difficult to

extract and, so far as I know, have never been determined. I found
them at coal-localities in the neighbourhood of Pid, and to the

westward in yellowish fine-grained siliceous and slightly ferruginous

beds, of blue colour internally.

The nearest horizon below the " Olive Group" (in the eastern part)

of the Salt Range from which fossils had previously been procured

was amongst the " Magnesian Sandstone " beds of Chel Hill, a

narrow ridge faulted on both sides. I have doubtfully suggested

that the beds containing these fossils may be in the lower part of

the group *, but I had ascended the flank of the hill for some
distance before I found them. Here in some dark clunchy shales

and flags, associated with soft micaceous, dark and pale grey, and
dull reddish sandstones, I obtained a few small and indefinite plant-

fragments, and small broken sharks' teeth, together with a larger

tooth, since described with qualifying remarks as Sigmodus duhius,

Waag., n. sp. f. There may be considerable doubt as to the exact

place of these fossils in the group succeeding the " Obolus-heds,^'

which were formerly fixed by Drs. Oldham and Stoliczka as not

newer than Silurian J.

This was the state of things when Dr. Warth's discovery of a

Conularia-contmnmg layer was made, and his fossils were forwarded

to Europe to Dr. Waagen, who now refers them to the Carboniferous

period §, a determination which it is entirely beyond my object to

discuss ; but Dr. AVaageu and Mr. Medlicott both state
||
that these

lately found fossils occur in concretions, in situ, chiefly, it would
seem, on other grounds than their own observation.

* Salt-Eauge Eeport, Mem. Gr. S. Ind. vol. xiv. p. 145.

t Pal. Ind. ser. xiii. 1, i. pp. 9, 11.

I As two or more thick groups of rocks intervene between the SiffJuodtts-layers

and the Comdaria-hand, it is much to be regretted that the locality was not

more closelj' explored. At the time the prospect of finding fossils in these

beds was not so hopeless as it afterwards proved. All that I obtained were

from the same spot and almost the same bed : the material general^ became
friable when kept, and the remains were so difficult to preserve that when I

saw them again after a long interval in Calcutta, most of those collected had
disappeared. Should further exploration of Chel Hill be made, I should not

feel surprised to learn that the dark-coloured beds with these fossils are really

nearer the upper portion of the group than I supposed. The ridge is not very

far from the area within which Dr. Warth's discovery was made, and the

"Olive-bed" conglomerates, with their metamorphic boulders in an almost

trappean mud-like base, are present along its south-eastern flank.

§ Eec. G-. S. Ind. vol. xix. pt. 1. pp. 2, 29.

il
Loc. cit. pp. 2, 29.
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In opposition to his first-formed conviction to the contrary, Dr,

Waagen advances, only :

—

1. That the (so-called) concretions occur regularly and plentifully

in a thin layer at the top of, and not throughout, a whole thick

boulder-bed.

2. That the thin layer has a regular constant horizontal distri-

bution over more than ten square miles.

3. That its fauna is a very uniform one, pointing distinctly to a

single geological horizon, no mixture of foreign forms occur-

ing, as a presumed necessary result if the fossils were not

in situ.

I cannot pretend to any precise recollection of this particular thin

layer at the top of the Olive-group Boulder-beds, though the pebbles

from it sent me by Dr. Warth seem familiar. ' Both concretionary

and conglomeratic beds are common enough in the neighbourhood,

and it would not serve any useful end were I to attempt to draw
the exact line between a memory and what can be so- easily

imagined *. But I have ample evidence of a better kind to con-

trast with Dr. Waagen's view, and with the three reasons he has

given as above condensed. Dr. Warth, who has doubtless most
carefully considered all the appearances presented by the layer and
its connents, favours me with conclusions arrived at on the spot.

Under the date December 1st, 1885, at a time when these pebbles

had been already spoken of as concretions, he wrote from Bid, Eastern

Salt Range, thus :—" Prom Choah-Saidun-Shah to Makrach 1 have

found the thin conglomerate bank, with the pebbles which enclose

Conularias and two or three other shells, absolutely uninterrupted

in the ' Olive Series ' (upper portion). I send you a single Conu-
laria which was found in a rounded-off state in the conglomerate.

It is evident that the Coniilarice have not become fossils on the spot,

but have been brought from a distant mountain as pebbles ; but how
these were distributed over such a large area in such a thin layer is

verj^ extraordinary " t.

The single specimen here referred to has a label in Dr. Warth's

writing saying he took it "in its present state from the face of the

bed." It is now in the geological collection of Trinity College,

Dublin, and no one who inspects it can doubt the accuracy of

Dr. "Warth's view that this rolled fossil was not in situ in the posi-

tion in which he found it. In the same packet I found another

rolled Conularia, so much abraded that scarcely anything remains

except the general indication of its tapering form and rhomboidal

section. Nor did the other specimens sent containing Conularioe

* I have looked over some of my old field-notes of February 1870, and they

only confirm the opinions I have always held as to the inter-relations of the

Eastern Salt-Eange groups.

t From the map I constructed in the field, this area may have been 5 miles

by 2 in its general form, or rather longer and more narrow, but it is not more
closely defined by Dr. Warth than in the quotation.

Q.'j.G.S. No. 167. 2 b
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prove to be concretions. Their material is a fine-grained grey and
rusty, non-calcareous sandstone, exhibiting no concretionary struc-

ture ; their rolled and abraded surfaces intersect the contained

fossils, and even if the pebbles have ever been nodules their sur-

faces show that they have been rolled and transported before being

enclosed in Dr. Warth's conglomerate bank.

This being so, the Carboniferous age of the fossils would tend to

show that the Conularia-lsijer is newer than the fossils themselves,

and the whole of the correlations depending upon the point, whether
regarding the boulder-beds of the East or West Salt Eange, or the

relations of these to other boulder-beds at great distances, must lose

in value or disappear. And yet, though there is no proof, the fact

may exist, that the rocks immediately beneath the chief boulder-

deposits of the eastern part of the Salt Eange are of at least Palaeo-

zoic if not of Upper Carboniferous age *.

The group next below this red zone is a mass of light-coloured

sandstones, often magnesian, with no great variety of texture, gene-

rally very hard, occasionally oolitic, sometimes alternating with
greenish or grey shaly partings, and but rarely and feebly conglo-

meratic, as they extend westward. Its hardness has caused the

group to assume the most prominent position among the cliffs of the

eastern part of the range. Superficially the beds present here and
there the indefinite markings often described as Annelidan or

Fucoidal ; but in these pale beds I never found a determinable

fossil, while of the few from intercalated dark, sandy, shaly layers,

possibly but very doubtfully situated near their base, or in their

lower part, at Chel Hill (previously referred to), the single unsatis-

factorily determined species (Sigmodus dubius, Waagen) has not

been assigned to any definite place in the Palseozoic period, this

being assumed by Dr. "Waagen to be the undoubted general age of

the deposits from which it came (Pal. Ind. ser. xiii. 1. i. Pisces :

Cephalopoda, p. 9).

Except the few forms amongst which this fossil was found, no
other organic evidence has yet been afforded by any of the beds

lying between the " Oholus-ha.nd " and the " Comdaria-lsiyeT
;
" and

the relative grouping was only decided upon by tracing the " Oholus-

beds" and the " Magnesian sandstone" (with less distinct character)

passing westwards beneath certain " speckled sandstones " which
underlie the Carboniferous Limestone, &c.

* One portion of these underlying rocks, the red sandy and earthy zone full

of pseudomorphic casts of salt-crystals, is now claimed by Dr. Waagen as Car-
boniferous. It was at his suggestion alone that any attempt was made to

define its nominal age in my report, and the period he suggested was Triassic,

a point quite unnoticed in his present paper. •

The recent inspection ofthis part of the Salt-Range series by Mr. R. Oldham of

the Indian Survey (Record Geol. Surv. Ind. vol. xix. pt. 2, p. 127) confirms the

views I had held, and has further resulted in the opinion that the " Olive

group " rests unconformably upon these red rocks with pseudomorphic salt-

crystals. The unconformity so indicated might have a most important effect

in the lateral limitation of the Eastern Salt-Range boulder-beds.
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The stratigraphic relations of the Salt-Range series having been
treated of from a non-palaeoutological position, depending upon the

distribution of its so-called glacial boulder-beds, the consideration

of the facts regarding these renders it necessary to present a con-

densed diagrammatic idea of the distribution of the whole of the

rock-groups as they occur in different cross-sections of the range.

This is done in the annexed table (p. 34G), the groups being num-
bered to show their relative general stratigraphic positions in the

local series as realized from close observations constantly compared.

The argument of Dr. "Waagen's paper in the Indian Records is

that all the boulder-beds lying between Nos. 8 & 11 in the eastern

columns of the table, and those lying between Nos. 1 or 2 and 6

in the western columns, pertain to one general group of rocks of

glacial character, and belonging to the upper portion of the Carboni-

ferous series; that they are discordant, both to the underlying

saline series and to the overlying Mesozoic groups*: and are

identical or homotaxial with the Talchir boulder-beds of the penin-

sular Gondwana series, and also with certain glacial boulder-beds

in Australia and South Africa.

These peculiar boulder-beds of the Salt Range, at an early period

of their observation, suggested a similarity between themselves and
the Talchir deposits of Central India ; but the first evidence of

their boulders bearing glacial markings was discovered by Mr. Theo-

bald after the east part of the Salt Range had been mapped f. Like

all the natural groups of the range, they presented definite features

and inconstant horizontal distribution ; in addition, they were
often found to present general similarity of character, particularly

as to their crystalline contents, with slight variation from purple

to very dark tints of their earthy matrix. Their chief peculiarity,

however, is that their metamorphic blocks are absolutely foreign to

the whole neighbouring countries, so far as could be ascertained J

while the ground was under examination. The boulder-beds pre-

vail most collectively in two areas, one in the eastern part, and
another larger development far away in the western part of the

cis-Indus Salt Range and its extension trans-Indus in that di-

rection. As stated in my Report on the Salt Range, p. 278, these

beds were found to occupy different horizons, and being united by

their crystalline blocks with a very considerable conglomeratic band,

from just above the Eocene limestone downwards to the basal saline

group of the series, their glacial character becomes an accessory of,

rather than a special cause for, their existence. Under the tranquil

* Notwithstanding Dr. Waagen's previous siatement that total unconformity
is " absolutely wanting in the Salt-Range," Pal. Ind. ser. xiii. Salt-Range Fobs.

pt. i. p. 2, foot.

t I learn for the first time, from this paper by Dr. Waagen, that he observed a

great number of striated pebbles in these beds, although our conferences were
continual and, on my part, without reserve.

X On this point Mr. Oldham's late visit to the Salt Range has enable! him
to identify among the fragments several varieties of well-known peninsular

rocks, an important and satisfactory addition to previous knowledge. See his

paper, loc. cit. supra.

2ij2
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conditions which so largely mark the accumulation of the whole
Salt-liange series, and with the horizontally limited distribution of

so manj^ of its characteristic members, the recurrence of similar

mechanically formed beds at different vertical stages presents no
improbability, indeed would seem more likely to occur than very

abrupt changes.

It would be difficult to suppose conditions of glaciation in any

way limited to the areas of chief development of these boulder-

beds ; but it would be still more difficult to recognize, either in

their contents or their distribution, such evidence that their largest

developments were contemporaneous as would outweigh their relations

of position, respectively and severally united with the uppermost

and lowest rocks of the series, at different parts of the range.

Even if the most elastic use be made of the word contemporaneous,

the deduction to follow the identification of the eastern with the

western boulder-beds would be, that almost the whole Salt-Eange

series was of a certain glacial age, overriding all other chrono-

logical indications ; or if these last were to any extent admitted,

the glacial period would have to be extended through enormous

intervals of geological tim6 in order to include the whole of the

boulder-beds and their related deposits. The evidence afforded

by a few rounded and striated boulders in isolated deposits at

different vertical positions in a series is hardly capable of such

an interpretation as would result from its aiDplication to the full

extent suggested or advocated in Dr. "Waagen's paper. In the

trans-Indus area some idea of the place of the boulder-beds is to be

obtained from the presence beneath them of such purple sandstones

as form the great group of that name, to the east, immediately over-

lying the salt-marl ; but among the earthy masses full of boulders,

I found it hard to fix upon any blocks exhibiting distinct glacial

striation ; and the alternation with gypseous and sandstone beds is

so frequent that the whole group might well contain equivalents of

other absent characteristic members, before it is succeeded, with the

usual conformity, ])y the Carboniferous Proc^wc^its-limestones, &c.

Where the Indus crosses the range, the boulder-beds are much
less prominent ; but here the greatest obscurity prevails from land-

shps and faulting, with, it may be, limited deposition or even uncon-

formity, insufficiently proved.

Further east in the Salt Eauge proper, about Swas, and towards

the south-east as far as Amb and the neighbourhood of Sakesir Peak,

boulder-deposits occasionally reappear just above the " Purple

Sandstone," or taking the ])lace of either its basal or upper parts

—

sometimes appearing to be closely connected with the " Salt-Marl,"

and sometimes in, or under, the " Speckled Sandstone,'' where this

is present.

Following these boulder-beds still further eastward, their last

representative recognized in that direction was immediately overlain

by the westerly continuation of the " Obohi,s-heds"^\

From this it would appear that conditions favourable to the pro-

* My Salt-Range Eeport, p. 207.
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duction of such boulder-deposits recurred at intervals from the

very close of the Salt-Marl period (1) through the whole time of

the Purple Sandstone (2) and the succeeding Silurian Obolus-

zone (3), where present, and that of the Speckled Sandstone (5)

resting upon it, in the central and western parts of the Eange ; but
in the eastern portion of this there was a more marked interval

between the periods of the Oholus-heds (3) and the Speckled Sand-
stone (5), during which boulder-beds were not locally deposited at

the stage occupied by the Magnesian Sandstone (4).

In detail, the western boulder-deposits are not suggestive of hori-

zontal continuity, but rather of fugitive lenticular distribution,

most strongly connected with the lower part of the series. In the

central parts of the Eange they are usually absent, or represented

by a few dispersed conglomeratic layers at various levels ; and in

the east they are associated with the newer groups, while in their

connexion and distribution in the " Olive Sandstones " (10) they

recall the lenticular character of the western beds sufficiently to

suggest a similar, later repetition of local conditions *.

The boulder-beds of the Eastern area, then, despite a certain

amount of similarity, take their place upon a higher horizon than

those to the west, the group in which they occur overlapping, with
or without manifest unconformity, the Palaeozoic groups, which
themselves overlie, or are intercalated with, or represented by the

western boulder-deposits.

In studying the relations of the Salt-Range Series on the ground,,

many of the natural groups, both in general aspect and in more
detail, were found to present the arrangement called " dove-tailing ;

"

notwithstanding this it was clear that the lower part of the whole
series contained older Palseozoic fossils, and the upper part Meso-
zoic or newer remains. Thus far palseontological science has

assisted in unravelling the physical problems of the geology of the

Eange, and has furnished recently some additional details as to

certain of its most highly fossiliferous groups ; but the full record,

with its application, is as yet incomplete. If the dove-tailing

arrangement obscures the succession in one place more than another

it is in the region of the Kahun plateau, where the Magnesian Sand-

stone, the Speckled Sandstone, and salt pseudomorph groups all lose

more or less of their distinctive characteristics between the horizons

of the older Western and newer Eastern boulder-developments
;

and here the separation of elsewhere well-marked groups has been
carried out upon the best general or special indications which each

afforded. In this region, however, there was nothing found to

unite the two boulder-groups upon one horizon ; indeed, there was
less difficulty in referring the " Olive group," of which the Eastern

boulder-beds are members, to its place above, than in separating the

* Possibly combined with some amount of unconformity, if the appearances

of a break exhibited on the road from Pind-Dadun Khan to Pid, which
Mr. E. Oldham noticed (Rec. G.[S. I. xix. pt. 2, p. 129), be accepted. The section

here did not escape my observation ; but the appearances of conformity else-

where led me to regard it as probably an instance of local contemporaneous
current-erosion.
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lower groups from one another, where so many changes in the

whole series take place.

Regarding the earlier portions of the general series, every thing

connected with its oldest subdivision, the saline marl, salt, and
gypsum-group, points to conditions of heat and evaporation ; from
these the change to a period of glacial severity, unaccompanied by
a long interval marked by disturbance, would, according to the new
theory, in some parts of the Salt-Range series, be remarkably abrupt

;

and it would seem more probable, from the so-called evidences of

glaciation occurring only where there are records of rapid motion

transporting coarse materials, that the glacial regions were re-

moved vertically or horizontally, or both, by some considerable space

from the present site of the boulder-accumulations.

Admitting that the Conularia-pebhles have been transported*,

there is no great difficulty in supposing gradual alteration of condi-

tions and alternation of events, as the natural causes operated, which
could lead to the removal of glaciated boulders, and later could

have transported fossiliferous pebbles or even nodules, each and
both to be enclosed at different stages in the same deposits.

A prominent consideration regarding the layer with Conularice

is—Whence came the pebbles enclosing the fossils ? Their number
and the extensive area occupied by the layer seem to indicate

no very distant source, and the pale colour of the pebbles, of

itself, seems to point towards the Magnesian Sandstone as the

original site. The restricted character of the fossils as to their

variety, and their attributed unity of age, may indicate that all

came from a comparatively narrow zone or layer, the possibly local

exposure of which to denudation might result from accident con-

nected with the discordance noticed recently by Mr. Oldham (I. c).

The chief fact bearing against this supposition, so far as I am
aware, is that many unavailing searches have been made for fossils

in the Magnesian-Sandstone group ; but this does not preclude the

possibility of their occurrence.

Another consideration is that more than one previous observer

has raised the question as to what became of the continuation of

the Salt-Eange series beyond its present southerly scarp. Frac-

tures along a main line of fissure, coincident with this scarp,

have been suggested ; and dislocation of the kind, though im-

possible to trace, might have displaced beds from which the Conu-

larice had been previously derived. At all events it is evident

that there was formerly, in the vicinity of the Salt Range, a

permanent source of foreign metamorphic materials, which became
mingled with its ordinary deposits ; and it does not seem to be a

strained or very unlikely supposition, that the rocks of this old

metamorphic region may have supported others, amongst which the

original site of the Conularice and associated fossils was included

—

a region whence not alone the glaciated blocks, but all the rest

of the Palaeozoic, Mesozoic, and perhaps some of the earliest

Kainozoic sediments of the Salt Range were derived.

* As Dr. Warth, Mr. R. Oldham, and myself maintain.



350 on a rossilifeeotts pebble-band in the eastern salt eange.

Discussion.

Dr. Duncan said that the geology of the Salt Range was still

subject to differences of opinion. The Eange had been admirably
surveyed by Mr. Wynne, but it did not appear that the succession of

the strata and the conditions under which they had accumulated

were consonant with the valuable results of the palaeontology as

described by Dr. Waagen. The Tertiaries, including the Nummulitic,
overlay the Olive group, and this had been proved in Sind to be of

Palseocene age and not Cretaceous. Was the Glacial bed at the

base of this ? or was it amongst the Productus-zone strata ? or were
there two glacial beds ? These were questions which he did not

consider could be satisfactorily answered by those who had paid

attention to the late communications. The Conularice appeared to

be the same as those of Australia ; and Waagen's evidence as to the

age of this as of the other stages of the Carboniferous, Permian,

and Triassic groups was indisputable. He considered that the

fracture proved that the Gonularice were in concretions.

Mr. Blanfokd said he believed that Ammonites had been found in

the Olive group, but the evidence was unpublished. He observed

that one important distinction had been overlooked by Mr. Wynne.
No one questioned that conglomerates containing pebbles of crys-

talline rocks occurred at different horizons in the Salt Range from

Palaeozoic to Tertiary. What was urged by Dr. Waagen was,

that certain boulder-beds, occurring in three localities, very different

in character from ordinary conglomerates, and containing large

boulders, sometimes striated and imbedded in a fine matrix, were
contemporaneous. The resemblance of these particular beds to each

other had been pointed out by Mr. Wynne himself in his published

papers.

The question as to whether the Gonularice occurred in derived

pebbles or not required further examination on the spot : but if

they were derived from beds of the age of the Magnesian Sandstone,

the boulder-bed containing them might be contemporaneous with

the Speckled Sandstone, as Dr. Waagen contended.

The speaker took exception to some other points raised in the

paper, such as the remarks upon the temperature of the Carboni-

ferous seas and the correlation of the Cretaceous beds east and west

of the Indus, but pointed out that one crucial test of Mr. Wynne's
views was whether the boulder-bed of the Olive group in the eastern

Salt Range could be traced to the westward, where that group

rested on the Productus-\\me^toj\e. That it could be so traced was
indicated in Mr. Wynne's diagram ; but no section was quoted in

his paper, and the published section at p. 190 of the Salt-Range

Report was opposed to that view.

Prof. Seeley asked whether glaciated boulders were admitted by

Mr. Wynne. The evidence of the explorer who surveyed the ground

was always most important, and the physical questions ranked above

the palaeontological in value.

The PRESIDENT said that further evidence was required before

the age of the band containing the Conularice could be considered

definitely settled.
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29. Further Proofs of the Pre-Cambrian Age of certain Granitoid,

Felsitic, and other Eocks in N.W. Pembrokeshire. By

Henry Hicks, M.D., F.E.S., F.G.S. (Eead May 26, 1886.)

Introduction.

During a recent visit to Pembrokeshire I further examined some of

the sections referred to in my paper communicated to the Geological

Society in 1884 * as well as others not there mentioned. The
additional facts thus obtained are so important and so thoroughly

confirm the views expressed in that paper, that I have felt it my
duty to lay them before the Society. I referred so fully in my
former paper to the rocks in the immediate neighbourhood of St.

David's, and gave such ample evidence in support of my views, that

it will be unnecessary to add much to it. Still as it is most
important that some of the questions discussed in that paper should

be settled beyond the possibility of doubt, I purpose giving such

facts as are necessary to complete the evidence. Prof. Bonney has

kindly undertaken to furnish notes on some of the rock specimens

collected, and I am indebted to him for much valuable information

concerning the conclusions at which he has arrived.

St. David's.

Undoubtedly the point of greatest importance with which we have

to deal, especially in its bearing on the controversy which has taken

place in reference to the age of these rocks, is that relating to the

Granitoid (Dimetian) rocks. The Director-General of the Geological

Survey (Dr. Geikie) has definitely laid this down as the main
question in the discussion. We maintain that the Granitoid rocks

of this area, whatever their origin may have been, are of Pre-

Cambrian age. Dr. Geikie, on the other hand, contends that they

are intrusive in the Cambrian rocks. He says that after " the

Harlech and succeeding groups of the Cambrian system were depo-

sited .... which had been laid down continuously without dis-

cordance .... they were invaded by the rise of a mass of granite

with the usual peripheral quartz-porphyries "f, the mass of granite

referred to being the Dimetian ridge of granitoid rocks extending

from the city of St. David's to the coast near Nun's Chapel and
to Porthclais and Porthlisky. I proved most conclusively, I think,

in my former paper that the evidence relied upon by Dr. Geikie

to show that the Granitoid rocks were intrusive in the Cambrian
was based on erroneous observations. Not only is there no evi-

dence of intrusion (and on this point, it must be remembered,
my view is upheld most unhesitatingly by Professors Hughes,
Bonney, and Blake, with several other observers), but I was even able

to demonstrate that the Granitoid rocks occurred in that area before

* Quart. Journ. Geol. Soc. vol. xl. p. 507.

t Ibid. vol. xxxix. p. 324.
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a grain of the Cambrian rocks had been deposited. In the specimens

of the Cambrian conglomerate which were collected by me at

different points on the former occasion and submitted to Mr. T.

Davies for microscopical examination* abundant evidence was
obtained to show that a very large amount of the material had been

derived from Granitoid rocks. This w^as particularly the case with

the specimens collected at and near Chanter's Seat, on the coast S.W*
of Nun's chapel. During my late visit I again obtained specimens

of the grits and conglomerates at Chanter's Seat, and I found them,

in places, to be almost wholly made up of fragments of characteristic

varieties of the Granitoid rocks found in the Dimetian ridge near

by ; therefore the facts prove most conclusively that the Granitoid

rocks must have been present in the area in Pre-Cambrian times.

Moreover certain peculiar structural appearances now observable in

these rocks in situ are also equally evident in the fragments in the

conglomerate (see notes on slides 1-5 by Prof. Bonney). The facts

given with regard to the contents of the Cambrian conglomerates

will, I think, be deemed an amply sufficient reply to some of the

assertions made by Dr. Geikie in his paper, such as in the following

passage, which occurs in his paper at p. 288.—" Dr. Hicks has stated

more than once that the Cambrian conglomerates are largely made up
of the underlying 'Pre-Carabrian' rocks. As the result of a most

careful examination of the conglomerate belt along both sides of

the fold, I feel myself warranted in stating confidently that it

contains not a single pebble of the characteristic granite of the St*

David's ridge."

The distance between the point where the Dimetian fragments

occur in greatest profusion in the Conglomerate, and the Dimetian

in situ, is about 800 feet ; but fragments are found also in the inter-

vening series. When the Chanter's-Seat beds which belong to the

Lower Cambrian series were deposited, it is clear that Granitoid rocks

were being freely denuded ; for on tracing the beds at this horizon

for some miles to the east and also as far west as Ogof-llesugn, I

found that they were very largely composed of the debris of such

rocks. In the very lowest beds, however, there is a greater pro-

portion of fragments from the Pebidians, and it seems tolerably clear

that the Dimetian rocks were but little exposed when those beds

were deposited, either from their being covered by Pebidian rocks

or because of the presence of a great amount of loose material on

the Pre-Cambrian land. The great thickness of Cambrian sediments

found in almost all areas shows clearly that there must have been

much loose material ready at hand to be washed away as each

portion of the Pre-Cambrian land became submerged. This material

must have accumulated during great and, possibly, peculiar atmo-

spheric changes, as the rocks show clear indications of having been at

the time subjected to powerful processes of disintegration. Almost

all the rocks we claim to be of Pre-Cambrian age in the St. David's

area are freely represented in the Cambrian conglomerates ; and it

is important to note that the fragments found of the Granitoid rocks,

the felsitic rocks, the halleflintas, the porcellanites, and the various

* See Notes 43-71. Quart. Journ. Geol. Soc. vol xl. p. 553.
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rocks of the Pebidian series show indisputably that these rocks

must have assumed in all important respects their present peculiar

conditions before the fragments were broken off (see notes on slides

6 and 7 by Prof. Bonney). Even the very newest of the Pre-

Cambrian rocks, as is abundantly clear from an examination of the

fragments in the Conglomerates, had been greatly crushed, cleaved,

and porcellanized before any of the Cambrian sediments were

deposited. The evidence to be obtained at St. David's therefore

shows unmistakably that there is a great group of Archaean rocks

now exposed in that area, and moreover that there is an undoubted

unconformity, indicating an enormous lapse of time, between the

lowest Cambrian Conglomerates and the underlying Archaean rocks.

Beawdy, Haxscastle, and Beimaston.

The so-called granite indicated in the Survey maps as having been

intruded into the Cambrian rocks in this area has been occasionally

referred to in my papers. There are no coast-sections to show the

nature of the contact between this so-called granite and the Cambrian

;

for the patch on the coast, also coloured as granite, as I shall explain

further on, consists of a group of felsitic rocks. The area in which

the so-called granite occurs is a cultivated district, and there

are very few exposures to be found. I have at different times

examined numerous points along the boundary shown on the map,

in order to observe the contact between the Granitoid and the Cam-
brian rocks ; but hitherto I have failed to meet with other than

faulted junctions resembling the conditions found at St. David's.

In no case could I find a particle of evidence to show contact-

alteration, or any indication whatever that the so-called granite

was intrusive in the surrounding rocks. During my recent visit I

again traced some of the lines of junction, and with the same result.

I could find no evidences of intrusion, but, on the contrary, the facts

were such as to point almost unmistakably to the Granitoid rocks

here being of Pre-Cambrian age, like those of St. David's. The
Cambrian grit seemed, in places, made up largely of a granitoid

debris, it being, indeed, in parts, little more than a re-arranged

arkose. The Granitoid rocks here resemble in many respects some
of those at St. David's, but on the whole contain more of the green

micaceous mineral. The specimens described by Prof. Bonney
from this area were obtained in a field near some cottages about

a quarter of a mile east of Troed-y-rhiw. Large and fine-grained

varieties are found here, as also some strongly brecciatcd bands, as

in Porthclais valley, near St. David's ; and an approximate junction

between these and some of the Lower Cambrian beds is to be seen

at Troed-y-rhiw and in the valley east of that point. A specimen
from the Granitoid rock at Brimaston was described by Mr. T.

Davies in his note 6 in my former paper (p. 548), and he there

states that it " belongs to the Dimetian type." The facts obtained

so far, therefore, tend strongly to confirm my view that this so-called

granite, whether it is of igneous origin or not, is of Pre-Cambrian
age and probably closely allied to the Dimetian of St. David's,
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PoiNTz Castle,

Extending along the coast south of Pointz Castle there is marked on
the Survey map a mass of granite. This, as I have already stated,

consists of a group of felsitic rocks, mainly rhyolites and breccias.

Some of the rocks are spherulitic, others show flow-structure, and
among them are some true breccias and beds of fine ash. There is

no granite or any rock at all approaching in character to the neigh-

bouring Granitoid rocks of Brawdy at present exposed there ; hence
the colour given in the map is highly misleading. The specimen

described in the note on slide 10 by Prof. Bonney was obtained by
me during my late visit at Cwm-bach, at the east end of the felsitic

group, near the point of contact with the Lower Cambrian sediments.

The contact here, as shown in a cliif face, is a well-marked line

of fault. On the north side Menevian beds and Lingula-flags are

faulted against the felsitic group, and there is not the slightest

evidence of alteration to be seen in any of the sedimentary rocks at

the junctions. The following are Dr. Geikie's remarks concerning

this area, given in a footnote to his paper at p. 292.—"Mr. Peach
and I had time to visit a few of the areas he [Dr. Hicks] has re-

named, and always with the same result. Thus, on the coast near

Newgale, about eight miles east of St. David's, he describes a mass of

Pre-Cambrian beds, chiefly ' felstones ' flanked by Cambrian con-

glomerates containing pebbles identical with the rocks below. All

that we could find was an eruptive rock penetrating and altering

black Cambrian shales.'"

How Dr. Geikie could possibly have come to such a conclusion,

I am at a loss to understand, even if he was unaware of the fact

that the felsitic rocks were mainly flows and breccias ; for the junc-

tions are perfectly clear in good coast- sections. The Cambrian beds

also along the north-east edge are sandstones, grits, and fairly rough

conglomerates, and the latter contain fragments of felstones not to

be diflFerentiated from some of the rocks below.

EocH, Pltjmstone, and Teefgaen.

The rocks in these areas, which are coloured on the Geological

Survey maps as intrusive felstones, and shown there and in the

published section by the Survey to have produced much alteration

in the various surrounding rocks belonging to the Lower Cambrian,

Lingula-flag, and Llandeilo series, have been claimed by me on
various occasions as being of Pre-Cambrian age, and I have

contended that there is no evidence whatever to show that they

have been intruded into the Palaeozoic sediments, or that they have

produced alteration in any of the surrounding sedimentary rocks.

In my former papers I relied mainly on the facts obtained in ex-

amining the conditions at the junctions at diffej-ent points where it

was supposed alteration had taken place. I also found that the

rocks indicated as altered Lower Cambrian in the Survey section

were a series of volcanic rocks, ash, and breccias, greatly resembling

those found in the other Pre-Cambrian areas and entirely unlike



OF CERTAIN EOCKS IN N.W. PEMBROKESHIRE. 355

any of the undoubted Cambrian rocks of the district. I further

noticed, in following the boundaries of these so-called intrusive

rocks, that the junctions were mainly faulted ones. Dr. Geikie,

however, in his papers and elsewhere, still maintains that the views

indicated in the Survey maps and sections are perfectly correct.

Fortunately, since my last paper was read, Mr. Marr and Mr. T.

Eoberts have published in the Quart. Journ. Geol. Soc. vol. xli.

p. 476, a paper on the Lower Palaeozoic rocks of this neighbourhood,

which contains facts of the utmost importance in regard to the

questions in dispute. During their researches they noticed, in a

quarry near Trefgarn Eridge, an exposure of rocks of a similar

character to those found in the Pre-Cambrian volcanic series about

half a mile further north. Resting on these, quite unconformably,

they also found a conglomerate containing large pebbles which ap-

peared to have been derived from the underlying rocks. Upon the con-

glomerate and grit were some black shales, and in these they found

Olenus spinulosus and other fossils, proving them to be of the age

of the Lingula-flags. They also state that the shales are considerably

disturbed, that there are signs of faulting in the quarry, and that

the conglomerate adheres to the underlying " ashy-looking rock."

During my late visit I examined this quarry with some care, and I

fully concur in the interpretation given by Messrs. Marr and Eoberts.

I was also fortunate enough to see an exposure, in the quarry, of

the rock we have hitherto designated halleflinta, which is so charac-

teristic of the Poch and Trefgarn mountain-series. I was particu-

larly pleased at finding this, as it proved conclusively that the rocks

underlying the conglomerate could in every important particular

be correlated with the Trefgarn and Eoch series. This proof that

they extend to a distance of half a mile further south than I had pre-

viously indicated them is also of importance. The so-called halle-

llinta is now exposed on the right-hand side after entering the

quarry from the road ; but a heap of debris covers the face of the

quarry between the halleflinta and the ash-bands, so that the actual

contact between them is not seen. The ash is, in some places, fine

and compact, but at other points it is a distinct breccia. The beds lie

at a high angle, therefore the unconformity between them and the

conglomerate is most marked. The latter lie evidently on an
irregularly eroded surface. Specimens taken from the so-called

halloflintas and the ash-bands are described by Prof. Bonney in his

Notes on slides 1 1-1'3. In the conglomerate very large pebbles of

the halleflinta and of the ash are abundant. The slide No. 14 was
cut from a pebble over 5 inches across in one direction and 3|- in the

other, and Nos. 15 and 16 from pebbles measuring 2 and 3J inches

across. The latter are much flattened and crushed. The similarity

between the halleflinta pebble and the rock in situ in the quarry as

well as to the rocks at Trefgarn Mountain and Eoch Castle is most
remarkable, and proves indisputably that the curious changes which
these rocks have undergone must have taken place in Pre-Cam-
brian times.

This conglomerate, as shown by the fossils in the overlying shales,
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cannot be newer than the Lingula-flags ; and, indeed, it seems almost

certain that it must be of Lower Cambrian age, and that it happened
to be left here lying on the Pre-Cambrian eroded surface when
the beds between it and the Liugula-ilags were cut out by the fault.

That the volcanic series at Trefgarn and Plumstone mountains are

older than the Lowest Cambrian rocks in those areas, there cannot
be the shadow of a doubt ; therefore there is every reason to believe

that the rocks of the same nature in this quarry are also of that

age. Id any case the evidence here is perfectly conclusive as to

their being older than the Lingula-flags (Upper Cambrian). There-
fore the Survey maps and sections are misleading in indicating any
of these as intrusive masses in Cambrian and Silurian sediments.

Conclusions.

The new facts now laid before the Society, combined with those

given on previous occasions, show that there is exposed in N.W.
Pembrokeshire a great group of Pre-Cambrian rocks. There are

also material differences to be made out in these Pre-Cambrian rocks

at various points, and there are indications pointing to their being
of different ages ; the Dimetian rocks are evidently the oldest, and
some of the indurated argillites and the more basic portions of the

Pebidian series the newest. The position of the great felsitic series

(Arvonian) is certainly between the Dimetian and Pebidian, but it

is difficult to state decidedly whether it should be classed as of Pre-

Pebidian age. Prom the facts to be obtained at Eamsey Island,

also to the north of St. David's, and elsewhere, I am still inclined to

look upon that series as marking a definite period. Still it must be
admitted that at present the evidence for this is not conclusive.

That the newest of the Pebidian rocks must have been folded,

cleaved, and have undergone great structural changes before the

Lower Cambrian Conglomerate was deposited is absolutely certain,

as the conglomerate rests quite unconformably on the Pebidian s,

and the rolled fragments of the latter found so abundantly in

it show clearly that the Pebidians had undergone all their im-
portant changes before the fragments were broken off. That the

underlying felsitic and Dimetian rocks had also assumed their

peculiar characters in Pre-Cambrian times, is equally certain, as

may be seen by examining the rolled fragments so plentiful in

some of the Cambrian grits and conglomerates.

The presence of these fragments in the Conglomerate is also con-

clusive proof that the Dimetian and the felsitic rocks are not in-

trusive in the Cambrian and Silurian sediments, but are, as previously

claimed by me, undoubtedly of Pre-Cambrian age.

I therefore maintai-i that lliere is the most ample evidence to

show that there is a great r^roup of Pre-Cambrian rocks exposed in

N.W. Pembrokeshire, nr.d hence that I have proved conclusively

that Dr. Geikie's views in regard to these rocks, as given in his

paper and more recently in his text-book, are entirely erroneous.

(Por the Discussion oil this paper, see p. 363.)
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30. On some Rock-specimens collected by Dr. Hicks in N.W. Pem-

brokeshire. By T. G. BoNNEY, D.Sc, LL.D., F.R.S., Professor

of Geology in University College, London, and Follow of St.

John's College, Cambridge. (Read May 26, 1886.)

The specimens collected by Dr. Hicks during his late visit to Pem-
brokeshire have a most important bearing on the question of the

existence or non-existence in that region of a considerable group of

Pre-Cambrian rocks. In addition to these, the slides described by
Mr. T. Davies in the ' Quarterly Journal ' for 1884 were placed in

my hands for purposes of comparison. I also possess a small series

cut from specimens either collected by myself on occasion of a short

visit in 1882 or given to me by Dr. Hicks.

The main points at issue in regard to the geology of the district

are these : Do we find here an important group of rocks anterior to a

well-defined base of the Cambrian series ? or are certain granitoid

and felsitic rocks (the so-called Dimetian and Arvonian) only in-

trusive masses of later date than the lower Cambrian ? and is the so-

called Pebidian merely a record of volcanic eruptions which occurred

in the earliest days of the Cambrian period, no more deserving of

separation from it than are the volcanic rocks of the Arenig or Bala

from the other members of those formations ? Subordinate and
highly interesting questions are : What is the true nature of the

granitoid (Dimetian) and of the felsitic (Arvonian) rocks ? Are
they metamorphic rocks in the ordinary sense, or are they igneous ?

If the former view can be established, the controversy is practically

at an end ; but if the matter must remain in uncertainty, or even

if the rocks be proved in both cases to be igneous, they may yet be

Pre-Cambrian, and the question must be settled by stratigraphical

evidence.

Cambrian Conglomerate of Chanter's Seat.

The first group of specimens which I have to describe is from the

Cambrian conglomerate near Chanter's Seat. The matrix of this

conglomerate is greenish grey in colour, a little brown on slightly

weathered surfaces. The appearance of the rock suggests that it is

a kind of arkose. A portion of it bears considerable resemblance

to parts of the Dimetian of St. David's and of the granitoid rocks

from Brawdy when locally crushed. It is crowded with specks of

light-coloured felspar, grains of quartz, and rather well-rounded
little pebbles, usually not exceeding ^ inch in diameter (about 0*2

inch is a common size) ; many of these are quartz, others evidently a
granitoid rock. After Mr. T. Davics's excellent description of speci-

mens from this locality and elsewhere (Quart. Journ. Geol. Soc.

vol. xl. p. 548), I need not enter into minute details.

The slides all abound in quartz-grains, sometimes well rounded,

many of which, in the nature and arrangement of the inclusions.
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exactly resemble the quartz in the Dimetian. In each there is the same
" dirty " look, produced by numerous inclusions, many of which are

irregular in form, more like mineral films, some fluid-cavities with
bubbles. The sections contain numerous fragments of felspar, very

similar to that in the Dimetian ; in short, they present every ap-

pearance of an " arkose " to which granitoid rocks have largely

contributed. Six out of the seven slides include well-marked
fragments of granitoid rock. A description of the largest in the

slide numbered (1) will suffice for most of the others. It is about
•2" in diameter, containing some eight crystals or parts of crystals

of felspar (rather decomposed) and nearly as many grains of quartz,

besides a couple of spots of a yellowish-green mineral, probably re-

placing a magnesia-mica. The felspar crystals, which vary much in

size, are very like those in the Dimetian ; so is the quartz, and the

method of association of the two minerals is the same. In all

respects the section of this fragment curiously resembles the slides

of " Dimetian " rock.

There are two other fragments in this slide, the smaller exhibiting

a micrographic arrangement of the quartz and felspar {quartz cle

corrosion ?) which is common in the Dimetian. Slide (2) has three

fragments
; (3) has one

; (4) has two ; (5) has three. I have

enumerated only those which are indubitable. Besides this, 2, 3,

4, 5, 6, 7, exhibit rolled fragments of a volcanic rock. Some are a

brown-stained, rather opaque lava, probably a not very siliceous

trachyte or andesite ; others, less common, are varieties of a

trachytic rock showing innumerable microliths of felspar (probably

plagioclase), with granules of iron oxide, in a base perhaps still

glassy ; in one or two occur patches of a green mineral, probabl}^

replacing a mica ; one fragment is a devitrified rhyolite in which
the quartz is partially aggregated in nests. One slide (3) has a frag-

ment of a rather banded rock, exhibiting the cherty structure

characteristic of a " halleflinta." Two or three have quartzite, in two
cases schistose ; and one (7) contains a fine-grained quartz-schist,

with a structure which reminds me of some of the compressed

quartzose schists of the Highlands. One or two also contain bits of

an argjllite.

I perfectly agree with Mr. T. Davies in his identification of the

contents of these conglomeratic rocks, and can only say that if a

considerable number of the fragments have not been derived from

the so-called Dimetian, thej^ have come from a rock which bears

the most extraordinary resemblance to it. The latter hypothesis

is so improbable that I cannot hesitate to adopt the former.

Specimens oe Rocks and of Pebbles erom the overlying

Conglomerate at Trefgarn.

The peculiar rocks from Trefgarn and Eoch Castle have already

been noticed, as regards their microscopic structure, by Mr. T.

Davies and ]i*rof. Blake. Certainly they are not normal felstones.

In the field, to the eye, to the touch, under the hammer, they have
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a sort of clierty character, which at once attracts the notice of an
experienced observer. They differ in these respects from all the

old rhyelites of JN'orth Wales, the Wrekin, Charnwood, &c., which I

have seen. They have no resemblance to the ordinary intrusive

felstones of simOar chemical composition. There is also something
distinctly exceptional about their microscopic structure. I have re-

peatedly examined during the last few years the slides in my own col-

lection and in that of Dr. Hicks, and for a long time I felt the greatest

perplexity as to their nature. In some respects they recalled the

structure of devitrified rhyolites of a very glassy type (obsidian)
;

in others they seemed more like a chert or a much-altered rock

of sedimentary origin (hiilleflinta) ; but after seeing Prof. Blake's

specimens I felt more satisfied as to their nature, and my view has

been borne out by these new examples.

I proceed to describe the specimens (three in number) obtained

from rock in situ beneath the conglomerate :

—

(11) A greenish-grey rock of fragmental aspect, perhaps slightly

cleaved, apparently an altered ash. Microscopic examination shows
that it is made up wholly of fragments, which are clearly of volcanic

origin,—bits of an acid microporphyritic lava full of small felspar

crystals, orthoclase and plagioclase (oligoclase ?),—in a base which
is now probably wholly devitrified, but was once a glass more or

less crowded with opacite and felspar microliths. To enter into

minute details would be only to travel over old ground ; the rock

may, without hesitation, be named a volcanic ash, which might
be either a member of the earlier Palaeozoic series or somewhat
older than that.

(12) A similar rock, but a little more compact and uniform in

appearance. The microscopic structure indicates a like origin.

One or two fragments are quite opaque from the quantity of

opacite, as is often seen in the scoria even of trachytes. Here and

there are little nests of an aggregated serpentinous mineral, no

doubt secondary replacements of some pyroxenic mineral. This is

also an altered volcanic ash.

I am indebted to Mr. J. J. H. Teall for the use of a third speci-

men, a very similar indurated ash. The fragments in all three

appear to me rather intermediate in character between an andesite

and a sanidine-trachyte, but to be more nearly related to the former.

(13) A purplish rock with the peculiar flinty aspect of the most
typical " halleflintas " of Trefgarn and Eoch Castle. Tnder the

microscope it exhibits the characteristic structure of these rocks.

With ordinary light the ground-mass is partly clear, partly tinted by
extremely minute granules of ferrite, so arranged as to suggest a

fluidal structure, though irregular and indistinct. Here and there

are either cracks, or small elongated cavities occupied by crystalline

quartz and opacite. With crossed nicols the ground-mass exhibits

the peculiar speckled aspect which, while bearing some resem-

blance to a very minute devitrification-structure, also reminds one

of that usual in a chert, and in some halleflintas of sedimentary

origin. A specimen from this quarry given to me some years since

Q.J.G.S. No. 167. 2 c
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by Dr. Hicks, of a buff colour, resembles the above in most respects,

but there are no cavities, and there is more opacite, vf^hich is ar-

ranged in cloudy streaks and patches, suggesting a fluidal structure.

The slides from Eoch Castle, described by Mr. Davies, exhibit

fluidal structure, felspar crystals replaced by chalcedonic quartz, and
cavities ofvarious forms, from well-rounded to elongated and irregular

in outline, filled by secondary deposits of this mineral.

Three specimens of the pebbles in the conglomerate at Trefgarn

have been examined.

(15) A pebble of grey ashy-looking rock very like (11). Under
the microscope it presents varietal differences, the structure not

being quite so certainly that of an ash. The felspar-crystals are

less numerous, larger in size, and a greater proportion are plagio-

clase. There is also rather more iron oxide than in the rocks num-
bered 11 and 12. I think, however, the rock is probably an ash,

though it is just possible that flow-brecciation, followed by some
crushing, might explain this structure. There is no more difference

between this and the last-named rocks than might easily be found

in the ejecta of any volcano.

(16 ) A rather similar rock, probably an ash ; felspar crystals more
numerous and ground-mass more completely devitrified than in the

last case.

These rocks are not so well preserved as are those in situ ; they

appear also to be a little crushed. Hence it is difficult to be quite

certain as to their origin, but I think it is far more probable that

they are a somewhat altered volcanic ash. In any case I have no

doubt they have been derived from members of the Trefgarn

series *.

(14) A buff-coloured rock, part of a large pebble, which macro-

scopically exactly resembles the typical halleflinta of Trefgarn, having

the same flinty aspect, &c. The microscopic structure is in all respects

identical, except that there are hardly any cavities ; the ground-mass

is very slightly coarser and more like that of an ordinary devitrified

obsidian. Still it has been to some extent subsequently silicified.

When we examine the structure of the matrix with high powers

the identity is still more strongly maintained. For instance, this

specimen contains a great number of belonites, commonly varying

in length from -0005 to -001 inch ; their extinction appears to be at

a small angle with the longer edge, and I think it probable that

they are hornblende. There are a few specks of ferrite and granules

of iron oxide (?) ; these are often grouped irregularly in cloudy

patches. The same belonites occur in the two slides from rocks in

situ, though in these there are fewer belonites, and there is rather

more ferrite. The devitrified structure is singularly alike in both cases.

I cannot doubt that these pebbles have been derived from the

^ All who have worked much at volcanic ashes which have undergone con-

siderable micromineralogical change, such as those of the Lake District, North
Wales, and Charnwood, know that occasionally specimens occur of which it is

most difficult to say whether they have been originally glassy lavas or homo-
geneous ashes.
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underlyino- series. I may mention that, in the case of (1-1-), the

hand-specimen presents no marked indication that it is from a

pebble, and I examined it for some time under the impression that

it was from the subjacent rock, and did not find out my mistake

until I noticed the label *.

OrIGM OE THE " HaLLEFLINTAS " OF TrEEGARN AND ROCH.

I have compared these slides from the rocks of Trefgarn and Roch
with specimens in my own collection of obsidians and pitchstones

from various localities, and with slides of devitrified rhyolitic rocks

from below the Cambrian conglomerate near Llanberis, from the

Wrekin, and from large fragments in the volcanic ashes of Charn-

wood. To many of these they present close resemblances ; the

belonites and the arrangement of the ferrite and opacite can be

paralleled by the former (glassy) rocks t; the devitrification-structure

by that in the latter group, though sometimes there are differences due

to silicification. But while this structure is more normal in these

rocks than in those from Trefgarn and Roch, the microporphy-

ritic and amygdaloidal characters are more conspicuous in the latter,

and the fragments in the ash-beds of Trefgarn are of a perfectly

normal character. Hence I regard the series, on the whole, as

indubitably a volcanic one, consisting of acid lavas and their asso-

ciated ashes, some, especially of the former, having been, as sug-

gested by Prof. Blake, subsequently permeated by hot water con-

taining silica in solution, which has silicified the rock, replacing the

felspars and, in part, even the felspathic constituent, by chalcedonic

quartz and filling up the cavities with the same. This process

need not have occurred long after the emission of the lava, though

I believe it was subsequent to the devitrification of the rock ; but,

in any case, the ash-beds of Trefgarn (which are not silicified)

must have become very hard, b}^ means of ordinary microminera-

logical change, before the pebbles were made from them, and so must
be much older than the overlying conglomerate.

The general similarity of the unsilicified rocks of Trefgarn

—

and to some extent even of the silicified—to the rhyolitic, trachytic,

or andesitic rocks which abound in the Cambrian conglomerate and
the underlying breccia, is an argument for the fragments in these

being derived from lavas of about the same age as those at Trefgarn.

Moreover the Koch and Trefgarn rocks are practically identical : the

latter cannot be intrusive, the former (even if there be no ash-beds

there) has all the structure of a flow as opposed to an intrusive mass :

hence we may safely say that the series, as a whole, cannot be

intrusive in beds of '" Harlech " or later date.

PvOCKS FROM BrAWDY AND CwMBACH.

Granitoid rock from Brcnvdi/ (2 slides).—This rock is holo-

crystalline, consisting of quartz, decomposed felspar (among which

plagioclase, probably oligoclase, and orthoclase may be occasionally

* To avoid tany prejudice I usually, in the first stage of my examination

of specimens collected by others, abstain from looking at labels or notes.

t E.g. by specimens from Mexico, Arran, Meissen.
'

2c2
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recognized), and a fair proportion of a greenish micaceous mineral

(altered biotite). One slide shows much crushing, the rock being

in places brecciated in situ. It may be a granite, but the structure is

a little abnormal. We have in it the same difficulty as is presented

by the Dimetian of St. David's, and by the granitoidites of Twt Hill,

Ty Croes, and Ercal (Wrekin). Under these circumstances, though

we cannot prove the Brawdy rock to be of Archiean age, this

identification is the more probable.

Cwm Bach, near Newgale.—A pale greenish-grey, flinty-looking-

rock, with lighter specks, resembling an altered ash, such, for

example, as some of that near Clegyr Bridge. There are crystals of

felspar (some oligoclase) which are evidently broken and corroded

by the ground-mass, which exhibits a minute devitrified structure,

with a few grains of iron oxide and one or two of a green serpen-

tinous mineral. The microscopic examination does not give a

result which is absolutely beyond dispute. There is just a possi-

bility that the rock may be a rhyelite with flow-brecciation ; but

I have little doubt that it is a true indurated ash.

Conclusions.

The following conclusions, then, appear to me to follow from the

above investigations :

—

A. When the Chanter's Seat conglomerate was formed the fol-

lowing rocks were undergoing denudation :

—

(1) Granitoid rocks, identical with the existing Dimetian.

(2) Trachytic rocks, among which were probably true lava-

flows *.

(8) Quartzites and schists, the latter resembling those which
in many districts occur rather high in the Archaean series,

(4) Ordinary sedimentary rocks.

Hence there was in this district a series of rocks, some much
older than others, which contributed to the formation of

the Cambrian conglomerate.

B. The conglomerate above the Trefgarn series is formed from

rocks which occur in the latter.

C. The peculiar characteristics distinctive of certain members of

the Trefgarn series had been assumed by them when the

conglomerate was formed.

D. Either the Dimetian is a member of an old gneissoid series or^

if it is the core of a volcanic group from which the trachytic

lavas had been ejected, this had been laid bare by denu-

dation before the Cambrian conglomerate was formed.

Hence in either case both the Dimetian and the felstones

a*re Pre-Cambrian.

* It is quite true that we cannot, in our present stage of knowledge, fix upon
afly structure as distinctive of a lava-flow, but there are many which only occur

in rocks cooled under conditions very similar to those of fl.ows ; and when we
find fragments exhibiting these occurring in great variety and abundance, the

probability is very strong that they are derived from subaerially consolidated

masses. Indeed, as similar structures could only occur elsewhere in dj-kes

and small intrusions, it is not likely that in this ease they could furnish many
fragments.
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We have, then, in Pembrokeshire exactly the alternative presented

in Caernarvonshire and Anglesey *
; and in either case it results that

the granitoid rocks, whether igneous or not, are much older than
the conglomerate, so that the latter forms a good base to the Cam-
brian series. Erom these conclusions I see no way of escape, except

by denying the facts on which they are founded.

Discussion.

The President said that these papers dealt with one important

branch of the discussion concerning the age of the rocks of St.

David's. It is a crucial point to ascertain whether detritus derived

from the rocks called Dimetian occurs in the Cambrian ; and that

this is the case the Authors consider that they have succeeded in

proving.

Prof. Blake thought the question had been fairly threshed out

before ; he only regretted that the examination had not been trans-

ferred to a locality where the evidence is clearer than at St. David's.

He suggested that the Harlech area would afford important results.

Mr. MaPvR said that Mr. Roberts and himself, in their paper on the

neighbourhood of Haverfordwest, had spoken with caution about the

age of the volcanic ashes they had observed, and the subsequent dis-

covery of ashes in the Lingula-fiags justified their caution ; but the

evidence now brought forward by Dr. Hicks confirmed their sug-

gestion. He called attention to the resemblance of the halleflintas

to siliceous sinters.

Mr. Teall said that the specimens of rock from Trefgarn which
he had partially analyzed for Mr. Marr yielded SiO.^ 97'5 %, Al^Og,

Fe^Og, 1-1 %? loss on ignition 1-8 Yo-
Dr. Selwyn said it was so long since he had examined the Welsh

rocks that he had almost forgotten them, but he had seen rocks of

similar aspects in Canada, and was now convinced that the meta-

morphic rocks of Anglesey and Caernarvonshire were not altered

Cambrians. So far as North Wales was concerned, he was inclined

to agree with Dr. Hicks. At the same time it was extremely diffi-

cult to classify these ancient formations, and generally it was
impossible to determine which was the top and which the bottom

of the sequence. In Cape Breton, J^ova Scotia, however, unaltered

Lower Cambrian rocks were found resting unconformably on highly

altered rocks, gneiss, &c., presumably of Laurentian or Huronian age.

Dr. Hicks, in reply, thanked the Pellows, and especially Dr.

Selwyn, for thefr remarks, and said he had more evidence to bring

forward, if necessary. He considered Dr. Selwyn's original descrip-

tions of the North- Wales rocks most valuable.

Prof. BoNNEY thought it doubtful whether any of the rocks at Eoch
Castle were originally sinter. The hollow structure is probably

vesicular. At the same time he was not surprised to find that the

rock consisted almost entirely of silica, for the microscope showed

that the felspathic constituent in the rock had been almost wholly

replaced by silica.

* Quart. Journ. Greol. Soc. vol. xl. p. 200.
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31. Note on some Vektebeata /rom the Eed Ceag.

By R. Lydekkee, Esq., BA., F.G.S., &c. (Read May 12, 1886.)

The examination of certain specimens from the Eed Crag in the

collection of the British Museum, which have been already described

by other writers, and the recent acquisition by the same col-

lection of casts of a small series of remains from these deposits,,

which were collected by the Eev. Mr. Canham and are now in the

Ipswich Museum *, have enabled me to make some additions and
emendations to our knowledge of the vertebrate fauna of the Red
Crag which it appears desirable to notice collectively.

HycBiia.—The remains of HycEna from the Red Crag hitherto de-

scribed comprise two upper and one lower third premolars, all of

which are referred by Lankester t to his H. antiqua, which was
founded on the specimen first obtained. This so-called species was
regarded as closely allied to the existing H. striata^ but the speci-

mens are really insufficient for specific diagnosis ; and it may be

remarked that it m, prima facie, exceedingly improbable that the

Crag Hysena should be distinct from all continental forms. The
occurrence of H. striata in the caverns of France has been deter-

mined by Gervais J, while Gaudry § remarks that the so-called H,
arvernensis, Cr. & Job., from the Upper Pliocene of the Auvergne
and the Yal d'Arno appears undistinguishable from the existing

species, although the name is still retained by Forsyth-Major
||.

In recording a specimen of the maxiUa of a Hyana from the Val
d'Arno in the ' British Museum Catalogue of Fossil Mammalia '^ , I

referred it unhesitatingly to H. striata ; but being uncertain as t,o

its exact age, I did not identify it with ff. arvernensis, and suggested

that it might be from the Pleistocene.

The Ipswich CoILectiou contains the right upper carnassial of a

Hyama (fig. 1), which is quite undistinguishable from the correspond-

ing tooth of H. striata, and, from its age, may be safely referred to

H. arvernensis. That this tooth is specifically the same as H. antiqua

there is also no reasonable doubt ; and from the impossibility of

distinguishing it from pm. 4 of H. striata, I conclude, with Gaudry,

that H. arvernensis is probably identical with that species, since I

cannot find any point described which can be regarded as a specific

dijfference **. The slight difi'erences noted by Lankester in comparing

* I have to express my thanks to Dr. J. E. Taylor, F.G.S., the Conservator of

the Ipswich Museum, for permission to bring these specimens to the Society's

notice. I am also indebted to Mr. Alfred Bell for some information as to the

locality and horizon of two of the specimens.

t Quart. Joiirn. G-eol. Soc. vol. xxvi. pp. 511, 512 (1870).

I Zool. et Pal. Fran9. 2nd ed. p. 241 =H. prisca.

§ Anim. Foss. et Geol. de I'Attique, p. 103.

II
Quart. Journ. Geol. Soc. vol. xli. p. 4 (1885).

^ Part i. p. 88, no. M. 469 (1885).
-^* This would lead to the inference that the British Museum Val d'Arno

specimen was probably obtained from the typical Upper Pliocene of that region.
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the type pm^3 of H. antiqua with that of H. striata are not greater

than the diiferences occurring in the corresponding teeth of different

individuals of //. crocuta ; and it may be observed that since Hippo-
potamus ampliihius occurs in the Upper Pliocene of the Yal d'Arno,

there is no inherent improbability in the Hyaena of the same beds

being likewise identical with an existing species.

Fig. 1.

A ^ B
Hyeena striata (arvernensis).

The right upper carnassial, from the outer (A) and oral (B) aspects

from the Red Crag at Trimley St. Mary. Natural size.

Mastodon.—With the exception of those of M. arvernensis, most
of the molars of Mastodon from the Red Crag are so imperfect and
so much rolled that their specific determination is frequently a

matter of much difficulty : and when to this is added the confusion

that formerly existed between the teeth of M. Borsoni and M. turi-

censis, it is not to be wondered at that some doubt has existed in

regard to the species occurring in the Crag. The specimens I have had
the opportunity of seeing indicate that in addition to M. arvernensis,

both M. longirostris and M. Borsoni are represented in the Crag
fauna. I may first call attention to two very beautiful examples of

the penultimate upper milk-molars of M. arvernensis in the Ipswich
Collection, which have not been rolled, and therefore exhibit very

clearly all the characteristic features of the teeth of that species.

The evidence for the presence of M. lomjirostris, Kaup, is afforded

by several fragments of molars in the British ]SIuseum *, and by
the greater part of a second or third upper true molar t figured by
Lankester in vol. xxvi. pi. xxxiv. figs. 1, 2, of the Society's ' Journal,"

and regarded by him as the complete tooth of a trilophodont species.

The examination of the cast of the latter shows, however, without

doubt, that it has lost one or more posterior ridges, and that, as

suggested by Lartet J, it really belongs to M. longirostris, the form
of the anterior talon and the separation of the inner and outer

* These and the preceding specimens will be noticed in part iv. of the
' British jMuseum Catalogue of Fossil Mammalia.'

+ Cast in Brit. Mus. + See Lankester, op. cit. p. 508.
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columns being decisive. A small tooth in the Ipswich Museum
Collection is evidently a lower premolar, and I am inclined to regard

it as the penultimate one of the present species. With regard to

M. Borsoni, I think that the specimens figured by Lankester, op. cit.

figs. 3, 4, and provisionally referred to M. turicensis (tapiroides) *,

really belong to this species. There is a trilophodont ultimate upper

milk-molar in the British Museum (No. 46690) which I also pro-

visionally refer to M. Borsoni, while the Museum of Practical

Geology in Jermyn Street possesses the last two ridges of a second

right upper true molar presenting all the characters of the teeth of

this species.

Sus.—In the Cat. Foss. Mamm. Brit. Mus. pt. ii. p. 268, I have

noticed two third lower true molars of a large Stis from the Eed
Crag which closely resemble the corresponding teeth of the Pikermi

8. erymantliiiis t, but are of rather smaller size. A third left upper

true molar in the Ipswich Collection agrees exactly in size with the

corresponding tooth of some specimens of that species, and therefore

probably indicates the occurrence either of that species or of the

closely allied S. nntiquus, Kaup, in the Crag. The smaller Crag
species has been provisionally referred to /S'. palceoclioerusX.

Tapirus.—ThePed-Crag Tapir has been identified with the Eppels-

heim T. priscus, Kaup §, but its teeth agree more nearly in size with

those of T. arvernensis and the closely allied T. elegans of the Upper
Pliocene of the south of Prance ||.

Hipparion.—The remains of Hipparion from the Crag have been

referred to H. gracih ^, although it has been suggested by Deperet**
that they may belong to the Pliocene H, crassum, Gervais, which
the former writer regards as distinct, although it appears very

difficult to distinguish the teeth.

Rhinoceros.—Most of the molars of Rhinoceros from the Ped Crag

in the British Museum which have been referred to R. Schleier-

macheri ff present the characters of those of the hornless R. incisivus,

and I am therefore disposed to refer them to the latter species $J,

although it is highly probable that R. Schleiermacheri, and perhaps

R. etruscus, may also occur in the Crag.

JDiomeclea.—By far the most interesting of the specimens to

which I have to call attention are the associated right tarso-meta-

tarsus and proximal phalangeal of the outer (4th) digit of a large

bird in the Ipswich collection. I have compared these specimens

(fig. 2) with the corresponding bones of Diomedea in the Museum

^ In his description of the Crag specimens, Lankester (pp. 508, 509) has un-
fortunately transposed the characteristics of M. Borsoni and M. turicensis.

t Probably identical with 8. major of the south of France (Lower Pliocene).

This name has the priority, but it appears advisable to adopt 8. erymMnthius.

X See Cat. Foss. Mamm. Brit. Mus. pt. ii. p. 273.

§ Owen, Quart. Journ. Geol. Soc. vol. xii. p. 233 (1856).

II
Lydekker, Cat. Foss. Mamm. Brit. Mus. pt. iii. p. 3 (1886).

^ Ibid. p. 54.
** Theses, Faculte d. Sciences d. Paris, ser. A, no. 67, pp. 195, 196 (1885).

tt Owen, op. cit. p. 231. \\ Lydekker, op. cit. p. 149.
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Pig. 2.

of the Royal College of Surgeons, and find the resemblance so

exact, even down to the most minute ridges and grooves, that there

can be no reasonable doubt as to

their belonging to the same genus.

They indicate a species intermediate

in size between the largest examples

of D. exidcms and the smaller D.
melanoplirys and D. cJilororhyncha

;

but it would be unsafe to make any
attempt at specific determination. It

may be added that an imperfect wing-
bone of a large bird from the Coral-

line Crag in the Museum of Practical

Geology may perhaps belong to the

form under consideration. The un-

rolled condition of the specimens in-

dicates that they are not " derived "

fossils ; and Mr. Alfred Bell informs

me that they were obtained in com-
pany with a very fine -Rhinoceros-tooth

(which, he thinks, may be R. etruscus)

from a sandy bed immediately over-

lying the shelly E,ed Crag at Foxhall,

which, I am informed, is regarded by
some geologists as part of the Red
Crag, but by others as somewhat
newer. Mr. Bell also informs me that

the genus of these bones was deter-

mined many years ago by Mr. Gerrard,

of the British Museum, although no

record of the determination was pub-
lished.

The genus Diomedea is represented

at the present day by several species
;

but I am unacquainted with any pre-

viously described fossil form*. As
J), ecculans is found throughout the

Southern Ocean and the sea wash-
ing the coasts of Asia to the south

of Behring's Straits, there is no reason

why the rang'e of the genus should not

formerly have embraced the i^^orth

Sea.

Discussion.

The President remarked on the fragmentary character of the Red-
Crag Yertebrata and their frequently rolled condition, and expressed

* Pelagornis from the Miocene of Armagnac (G-ers) has been thought to be
allied to Diomedea, but it is regarded by Milne-Edwards (' Oiseaux Fossiles de
la France,' vol. i p. 272) as more nearly related to Sula. The tarso-metatarsus
iappears to be unknown.

3
Diomedea, sp.

The right tarso-metatarsus (A)
and first phalangeal of the
fourth digit (B), from a sandy
bed at the top of the Red Crag
at Foxhall. Natural size.
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his satisfaction at the interesting additions made hy Mr. Lydekker
to our knowledge.

Prof. Flower entirely confirmed the President's views. He hoped
the nomenclature in the British Museum would he much more
correct since Mr. Lydekker had undertaken the cataloguing of the

Mammalian fossils. The speaker was well acquainted with the

Canham collection in the Ipswich Museum, and made some obser-

vations on the interesting specimens contained in it. The hones of

Albatross furnished an especially valuable addition to the British

extinct fauna.

Mr. E. T. Newton was disposed to agree with Mr. Lydekker's

conclusions. The discovery of the Albatross was most interesting
;

he had himself seen some additional Pliocene birds' bones lately, one

of which belonged to a bird of prey. The bird-bone in the Jermyn
Street Museum noticed by Mr. Lydekker was from the " Coralline

Crag " and had been presented many years ago by Col. Alexander.

Dr. Woodward said that Col. Alexander had formerly a house at

Bramerton near an outcrop of Norwich Crag, so that it was possible

that the bones mentioned by Mr. Newton were derived from that

deposit. Mr. Lydekker had had the advantage of studying the original

specimen from the Ipswich Museum as well as the beautiful casts on
the table.

The Author in reply gave some details as to the distribution of

Pliocene and Pleistocene Mastodons.



ON THE GLACIATION OF SOUTH LANCASHIRE, CHESHIRE, ETC.

32. On the Glaciation of South Lancashire, Cheshire, and the

"Welsh Border. By Aubrey Strahan, Esq., M.A., F.G.S.,

H.M. Geological Survey. (Read May 2Q, 1886.)

(By permission of the Director General.)

Part I.

South Lancashire and Cheshire.

The occurrence of glacial striae in the neighbourhood of Liverpool

was first recorded by Mr. G. H. Morton, F.G.S., in 1859 *, though
they had been previously noticed by Mr. J. Cunningham, F.G.S. t
In 1862± Mr. Morton described before this Society and the Liverpool

Geological Society strise on both sides of the river Mersey. Prof.

HuU. in 1864 § recorded the striae of Bidston Hill, pointed out

to him by Mr. Cunningham, remarking that they point in the same
direction as those of Liverpool. These had been previously noticed

by Mr. Morton as having the precise direction N. 30' W.
In consequence of his discovery of striae on both sides of, but at

no great distance from, the Mersey, Mr. Morton in 1866 1| advocated

the hypothesis of a glacier having descended the valley of the river

;

but in 1870 ^, having discovered similar markings away from the

river, adopted the theory of an ice-sheet having passed over this part

of the country from S.E. to jN".W.

In the same year Dr. Bicketts, P.G.S., recorded striae at Thatto

Heath **, and stated that the moving power which produced them
had taken a course from south-east to north-west, the evidence of

this being that grooves larger and deeper than others passed away
from small indentations, which may have been the impressions of

pebbles, in a north-west direction.

In 1872 ft Mr. Mellard Eeade, C.E., E.G.S., described cross striae

at Bootle, running E.N.E. and IS". 22° W., and advocated the hypo-

thesis of ice-sheets moving from the mountains of Wales and Cumber-
land respectively. In the same year Jt striae at Great Crosby, bearing

N. 40° W., and in 1876 §§ others at Little Crosby, bearing N. 22° W.,
were discovered by the same observer ; and in the following year striae

at Tranmere and Oxton, having the direction N. 40° W. and N'.N'.W.,

were recorded by Dr. Ricketts, who, opposing the hypothesis of

the Irish Sea having been occupied by an ice-sheet, attributed the

* Proc. Lit. & Phil. Soe. Liverpool, session 1859-60.
+ Trans. Manchester Geol. Soc. vol. iv. p. 288.

I Quart. Journ. Geol. Soc, vol. xviii. p. 377, and Proc. Liverpool Geol. Soc.

sess. 3, 1861-62.

§ Proc. Liverpool Geol. Soc. sess. 3, 1861-62 (footnote).

II
Ibid. sess. 8, 1866-67.

•jl
' Report of the British Association ' for 1870.

** Proc. Liverpool Geol. Soc. sess. 11, 1869-70.

ft Und. sess. 41, 1872-73. U Op. cit. §§ Ibid. sess. 18, 1876-77.
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markings to glaciers descendiDg the valleys. In the same year

(1877), Mr. Morton * published a complete list of all the striae

known up to that time, and after considering the divergence of

direction over a small area, and the partial occurrence of striated

surfaces, rejected the land-ice theory in favour of drifting field-ice

carried by tidal currents. In this year also t I observed striae in

the neighbourhood of St. Helens bearing W. 30^ N. and W. 33° N.,

and in four instances near Widnes bearing W. 8° jS". ; as also a

remarkable striated surface at the Pool Hall Rocks, near EUesmere
Port, between tide-marks, where the striae ran ]^. 43° W.

Omitting the cross striations observed at Bootle and Flaybrick

HiU, the above-named scratches (see Map, fig. 1) show an appproxi-

mate parallelism. Those in the immediate neighbourhood of Liver-

pool and Birkenhead, forming a group of fourteen in number (not

including the single oblique groove observed by Mr. Morton in

jS'orth Hill Street J), have an average direction of ]^. 28° W., with an

extreme variation of 27°. A line drawn in this direction through

Liverpool would pass about halfway between the coast of Cumber-
land and the Isle of Man, and coincide approximately with the

direction of the channel of the Mersey at Liverpool.

The Pool Hall striae also coincide in direction with the river, which
here begins to bend to the east ; and the same observation may be

made with regard to the striae about Widnes. They were no doubt

influenced in their direction by the Keuper-Sandstone hills, which
rise abruptly from the plain on the south side of the valley of the

Mersey. But as the same tendency to a deflection towards the east

is shown at Thatto Heath and St. Helens, though to a less degree,

there would appear to be a general change in the direction of the

glaciation, independently of local causes of deflection, from j^.

20°-30° W. in Liverpool to about jN'.W. further inland. It may
here be remarked that striae have been observed at Manchester
running N. 40° W. §
Two cases only of striations having a totally different direction

have been observed near Liverpool—in one case at Bootle, run-
ning E.X.E., by Mr. Eeade, and in the other at Plaj-brick HiU,
Birkenhead, running E, 30° N., by Mr. Mackintosh. A line drawn
through Liverpool in the mean direction of these striae passes

nearly through Snowdon, and is almost exactly at right angles to

the mean direction of the first-described set.

In the diagram, fig. 2 (p. 372), the whole of the striae described

above are represented in their true directions ; the preponderance of

those in the north-west quarter of the compass and the general

parallelism of those in the immediate neighbourhood of Liverpool are

sufficiently obvious.

There is unfortunately very little evidence afforded by the ap-
pearance of the scratches themselves as to whether the glaciation

* Proc. Liverpool Geol. Soc. sess. 18, 1876-77.

t Geol. SuTTey Memoir, ' On the Superficial Deposits of S.W. Lancashire/

p. 47. J j Proc. Liverpool Geol. Soc. sess. 18, 1876-77.

§ J. Plant, Trans. Geol. Soc. Manchester, vol. vi.



372 MK. A. STKAHAN ON THE GLACIATION OF

was effected from the north-west or from the south-east. In some
cases it has been noticed that pebbles half imbedded in the rock are

bruised on those sides which face the south-east, apparently through

Fig. 2.

—

Diagram showing directions of Strice in South Lancashire
and Cheshire.

having been opposed to the ice, as mentioned by Mr. Morton *. Dr.

Ricketts, as previouslj'- stated, inferred from the nature of the groovings

that this was the direction at Thatto Heath. On the other hand,

Mr. Mellard Eeade refers to a rubble of local rocks which had
apparently been pushed by a force acting from the N.N.W. In the

case of the cross striae at Bootle, Mr. Eeade inferred from the outline

of the rock that the movement had been from the west.

I was not able in any of the striae I observed to find

evidence bearing on this point, but I noticed terminal curvature in

several places, that is to say the bending back of strata at their

outcrop as if by pressure f. In all cases in the Mersey valley the

bending back was from the north-west, and was independent of

the local configuration of the ground. A similar observation was

* ' British Association Eeport ' for 1870.

t '' Geology of Prescot" (G-eol. Survey Memoir), 3rd edition, figs. 7, 8, & 9,

and "G-eology of Chester" (G-eol. Survey Memoir), p. 30, fig. 8.
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made hj Mr. James Eccles on the outcrops of some Carboniferous

strata near Blackburn *. In this case also the dragging over of the

edges of the beds was to the S.S.E.

While, however, this doubt exists in the case of the striae, the

fact of the materials of which the drift of South Lancashire and

Cheshire is composed having travelled in a S.S.E. direction is capable

of easy proof. The greater number of the boulders have been

derived from the Lake District, and are imbedded with fragments

of, and in a matrix derived from, the Carboniferous and Triassic

rocks of Lancashire ; they are accompanied, in smaller quantities,

by Scotch granitic rocks, and by flints and hardened chalk from the

north of Ireland f. Southwards, i. e. on receding from the source

of supply, the boulders become fewer in number and the clay

more homogeneous. At the same time, on passing southwards

from the Lancashire Coal-field on to the Triassic area of Cheshire,

the red tinge of the Boulder-clay becomes steadily stronger. So

gradual, however, are these changes that it is only by comparing

distantl ocalities that they can be fully realized.

The sands and gravels provide further evidence of the existence

of currents flowing from the N.lSr.W. These deposits, which usually

underlie Boulder-clay, in certain areas rise to the surface in mounds or

long banks, throwing off the Boulder-clay on either side, and running

for two or three miles across the plain J. While from their form, and

in their composition of stratified beds of sand and shingle with shell-

fragments, these banks are clearly the result of marine currents,

from their direction, and by the fact of their frequently starting

from the south-east side of a hilL, they show that those currents flowed

from the J^.IST.W. jSTor is there any evidence in the drifts of South

Lancashire and Cheshire of there ever having been much variation

from this direction ; for the percentage of boulders and the com-
position of the drifts are very similar from top to bottom, nor is it

possible to detect any such marked differences between the upper

and lower beds as to make the application of such names as the

Upper or the Lower Boulder-clay possible. Thus the direction in

which the drift has been transported agrees with that in which the

edges of the outcropping beds have been forced, and with the

prevalent direction of the glacial striae. The two former having
been exclusively in a south-south-easterly direction, it seems extremely

probable that the striating agent moved in this direction also.

Lastly, it is almost invariably under Boulder-clay that the rock

has been found to be striated. Though the sands and gravels are

included among the glacial deposits, the Boulder-clays alone show
direct evidence of the action of ice. In them alone are found
scratched stones, even in the smaller masses included or interbedded

in the sand ; and though sometimes rudely stratified, they are usually

* Trans. Geol. Soc. Manchester, vol. rii. p. 20.

t Mackintosh, " Eesults of a ... . Survey .... of the Erratic Blocks .... of

the West of England and East of Wales," Quart. Journ. Geol. Soc. vol. xxxv.

p. 425 (1879).

I
" Geology of Chester " (Geol. Survey Memoir), p. 16 (1882).
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devoid of such lamination as is shown by clays deposited freely in

water, and thus present a strong contrast with the beds of laminated

clay or loam which sometimes accompany the sands and gravels.

The Eoulder-clays moreover contain twisted lenticular beds and
pockets of sand, the latter probably being disconnected portions of

a jumbled-up bed of sand. This mechanical disturbance is often

shared by the bed upon which a Boulder-clay rests, whether of sand
or rock : in the former case, the veins of loam and grit are

displaced, or so mixed up that the bedding is obliterated ; in the

latter case the more flexible strata are often bent, or the harder

ones striated. It seems, then, that not only is there a correspondence

in the direction of the drift-transportal and that of the striae,

but that the latter, themselves the direct work of ice, are found
only in conjunction with those beds of the drift which contain

evidence of ice-action. On these grounds alone there would be
a strong presumption that the same agent produced the striae

that distributed the Boulder-clay. This presumption is strengthened

by the fact that I shall now bring forward, that the striae in the

neighbouring borders of Wales, while showing an entirely different

prevalent direction, yet maintain the same connexion with the

associated drift-deposits.

Paet II.

The Welsh Border.

The general parallelism exhibited by the striae of Liverpool is

less observable in those of the North-Wales border, probably

through their direction having been in many instances locally

influenced by the more pronounced configuration of the ground.

But though for this reason less importance must be attached to

individual striae, it is equally possible to generalize from a large

number. It may be stated that the N.N.W. direction, so common
about Liverpool, is exceptional in the neighbouring parts of Wales,

while the E.JST.E. direction observed in two instances only near

Liverpool becomes the prevalent direction on crossing the border.

The localit}^ nearest to Liverpool in which striae have been

observed is on Pen-v-ball, near Holywell *, where they run N. 35°

E. and N. 40° E. At Pen-y-gelli they run E. and W., and E. 15°

N. On Cwm mountain the direction of striae, as observed by
Mr. Tiddeman, is :N'.E. and E. 33^" N., or E. 10° N. where observed

by Prof. Hughes ; while on Moel Hyraddug they are N.E. The
striae in these localities range from 600 to 1000 ft. above the

sea, and show an approximate parallelism ; they give an average

direction of E. 35° JN'., and thus agree closely with the cross striae

at Liverpool, which run E. 22° N. and E. 30° N.

Further south, I have observed striae running E. 18° ^. at an

elevation of 1100 feet on Gwern-to, a hill on the north side of the

* First observed by Mr. G. W. Shrubsole, F.G.S. (see Morton, Proc. Liverpool

Qeol. Soc. sess. 17, 1875-76).
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great Bala fault near Minera. The projecting quartz pebbles are

splintered on those sides which face the west, and have small

ridges running towards the east, as though the glaciation had taken

place from the west. At three miles distance, on Hope Mountain,

there are striae running nearly at right angles to those of Gwern-to,

their direction being I*^. 15° W., at a height of 530 feet above the

sea. Mr. Mackintosh* mentions strice in this locality bearing iS".W.,

but notices that at Corwen and Glyndyfrdwy they run from the

'\V.S.\Y. The same direction has been observed in this locality by
Prof. Hughes, who has also remarked striae at Bryngorlan at the

south end of the vale of Clwyd, ranging from a little north to a little

south of east. In the Yale of Llangollen and on the high ground
forming its north side striae are stated by Mr. Morton t to run east

and west at an elevation of 1200 feet, and at Llan-y-mynech to run
jN'.E. and S.W. It will be noticed that all the striae referred to

above, excepting those on Hope Mountain, fall into the I*[.E. quarter

of the compass. Those on Hope Mountain, on the other hand,

together with some at Hawarden recently noticed by Mr. De Kance,

coincide very closely with the direction of the main glaciation of

Liverpool.

Returning to the north, striae are found near Gwaenysgor, in the

same neighbourhood as those of Moel Hyraddug, and also at a high

elevation (viz. 660 feet), but running I^. 5° W. ; and again at the foot

of a steep rocky cliff called Craig Fawr, overhanging the Talargoch

mine, and facing west, there occur striae running horizontally round

a projecting shoulder of limestone towards the south, the direction

in this case being indicated by the fact that the north sides only of

the prominences of the rock are striated. In these two instances

also the striae appear to coincide with the principal set of Liverpool.

Two other instances have been observed in this district, namely
at Ehuallt, near St. Asaph, where the striae run W. 27° S., and in

the Coed-nant-y-wrach, near Caerwys, where they run IN". 20° W.

;

but in both cases the direction of the striae has been determined by
that of the deep and narrow ravines in which they are situated.

On the west side of the Yale of Clwyd, they have been noticed

by Prof. Hughes at Cefn, near St. Asaph, with the direction E.N.E.

;

and proceeding along the coast westwards, we find them in several

spots near Llandulas. They have been observed by Mr. Tiddeman in

the valley of the Dulas, on the jS'.W. spur of Cefn-yr-ogof, to run

N. 12° E., and on the nearly level plateau above the limestone cliff

over the station I found them pointing N.E. and N. 30° E. The
brow of limestone forming the eastern entrance to the Craig (or

Penmaen) tunnel is glaciated in a direction N. 10° W., and on the

point above the tunnel they run N. 10° E. In the two last-named

cases the striae occur on nearly vertical rock-faces, the precise

direction therefore depending upon that of the cliff'.

At the Great Ormes Head the striae run horizontally along, and
straight down, a steep slope facing south-east, so as to cross obliquely

* Quart. Journ. Geol. Soc. vol. xxx. 1874.

t Proc. Liverpool Geol. Soc. sess. 17, 1875-76.

Q. J. G. S. No. 167. 2 D
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with the directions N. 26° E. and E. 20° S. They are found again

in the Sychnant Pass, west of Conway, running S.E. ; but their

direction here has probably been determined by the form of the

ground.

Lastly the prevalent direction of the striae of Anglesey has been

observed by Sir Andrew Eamsay * as being N. 30°-40° E. Striae

having the direction N. 45° E. have been observed by Mr. Morton
near Pentraeth t, and others may be observed on the shores of the

Menai Straits, near Beaumaris, as pointed out to me by Sir Andrew
Eamsay. Dr. E-icketts also refers to striae at Llanerchymedd
having " a direction towards S. 10° W. and curving round a boss of

rocktoS. 20°W."i
In the diagram forming fig. 3 the striae of Coed-y-nant, Ehuallt,

Eig. 3.

—

Diagy'am shoivwg direction of Strice on the Welsh Border.

Bryngorlatt
'-Pen-y.gelli, Ll.angoUen, &- CorTuen

and Sychnant, and one of those at the Great Ormes Head have been
omitted. In the first two cases certainly, and in the third probably,

* "How Anglesey became an Island," Quart. Journ. Geol. Soc. xxxii, p. 116
(1876). t Proc. Liverpool Geol. Soc. sees. 17, 1875-76.

X Ibid. sess. 18, 1876-77.
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the direction has been determined by that of the valleys in which
they occur, while those which run straight down the slope on the

Ormes Head are probably due to the local action of gravitation.

Omitting these doubtful cases, it will be seen that along the east

border of Wales there is a very marked parallelism among the striae

in a general east-north-east direction. Out of the whole number
observed in this part of the district, five only occur in that quarter

of the compass in which the Liverpool striae are so thickly grouped,

those, namely, of Talargoch, Gwaenysgor, Penmaeu, Hope Mountain,
and Hawarden ; and all these occur on the outskirts of the Welsh
drift-area. The remainder, as I shall presently show, agree in di-

rection with the drift-transportal of the area in which they are situ-

ated. The horizontal striae of the Great Ormes Head, though ap-

proximately parallel to these, belong more probably to the Anglesey
system of glaciation, and were produced by ice from the north.

Those of Llandulas are more doubtful : from their contiguity and
parallelism they were probably produced by the same agent ; but

situated, as they are, close to the boundary, and agreeing in direction

more or less with both the Mintshire and the Anglesey systems, it is

difficult to assign them to either with any degree of certainty.

This change in the direction of the striae which takes place on

crossing the Welsh border is accompanied, as before stated, by a

corresponding change in the nature of the drift, the general arrange-

ment of the beds remaining the same, but the materials showing
clearly a transportation from the west and south-west. The boundary
of the Cheshire and Lancashire type of drift with its northern

derivatives is shown on the accompanying map (p. 370). It runs

from the Menai Straits by Llandulas to the Yale of Clwyd, nearly

coinciding with the coast, but bending southwards so as to include

rhe low ground bordering the coasts at the Ormes Head, Colwyn
Bay, and Llandulas, and the northern part of the Yale of Clwyd.
Rounding Cwm Mountain, the northernmost point of the Moel
Eammau range of Silurian rocks, the boundary then bends sharply

up the narrow valley occupied by the Dyserth stream, so as to in-

clude a portion of the high ground formed by the Carboniferous

Limestone. Northwards it once more follows the hill-foot by Talar-

goch and Prestatyn, to Grouant, whence bending southwards it runs

through Flintshire, rising in places to some of the high ground
formed by the Carboniferous-Limestone escarpment. West of

Chester also, the rise from the plain to the hills being gradual, the

boundary runs up to a comparatively high level, so as to pass

within a mile of Hope Mountain. Thence it doubles back to Eossett,

and so once more southward.

Along portions of this line the northern drift is banked up
against a steep inland cliff as at the Ormes Head, Llandulas,

Talargoch, and Prestatyn, this cliff being, in all probability, a pre-

glacial coast-line. In such situations the northern drift is found

to overlie the drift of local origin, presenting in its comparatively

stoneless homogeneous condition a strong contrast to the intensely

stony local deposits. In other places, as at Bossett, the northern

2d2
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drift thins out against an abrupt bank, forming the edge of a coarse

gravel plateau of Welsh origin. As a general rule it may be stated

that where there exists a strong physical feature between the hills

and the plains, this feature, whether formed by drift or solid rock,

will also form the limit of the northern drift. Where, on the other

hand, the change of level is gradual, the limit of the northern drift

runs to greater altitudes, and encroaches on the Principality.

The direction in which the drifts have been transported in the

Welsh borders is in many cases easily ascertainable. The Coal-

measures, Millstone Grit, Carboniferous Limestone, and Wenlock
Shale of Flintshire form four roughly parallel belts of rocks of

sufficiently marked lithological character to enable their detritus to

be traced. In each case the drift-material has been transported

approximately from south-west to north-east. The margin of the

coal-field is overspread by debris from the Lower Carboniferous

rocks ; the Millstone-Grit area, as for example near Treiddyn, is

thickly covered by a Boulder- clay crammed with great boulders of

sandstone and limestone ; while the limestone, especially in North
[Flintshire, near Caerwys and Cwm, is concealed beneath a yellow

clay, packed with fragments of W^enlock Shale from the neighbouring

Moel Fammau range. The distribution of red drift derived from the

Bunter Sandstone of the Yale of Clwyd furnishes equally strong

evidence. The bold and almost continuous barrier formed by the

Moel Fammau range on the east side of the Vale of Clwyd is

breached at Bodfari by the valley of the Wheeler, which is

continued between the Silurian rocks and the Flintshire limestone

escarpment by Caerwys, Nannerch, and Mold, until it becomes the

valley of the Alyn, the valley itself, though occupied by different

rivers in its different parts, forming a continuous breach through

the successive hill-ranges. Up this valley the red debris of the

Triassic rocks of the Yale of Clwyd has been transported in such

masses, as to have led to the belief that the Trias itself ran up
between the Wenlock-Shale hills. On both sides of the Wheeler,

above Bodfari, the bright red sand mantles up the hill-sides or rises

into eskers and mounds ; and though the red tinge grows gradually

fainter, on receding from the Yale of Clwyd, it is not till the

neighbourhood of Mold is reached that it is finally lost. The
sections in the banks of the river near Caerwys and Nanuerch show
that this red sand is interstratified with a gravelly drift composed

of fragments of AYenlock Shale from the Silurian hills. It should

be noted, however, that a red drift-sand has been observed by
Prof. Hughes in the gorge of the Elwy as far up as Dol *, which, if

correctly identified as Clwydian drift, seems to have travelled in a

westerly direction. It is possible that this part of the gorge came
within the infiuence of the northerly currents by which drifts of

northern derivation were spread over the lower part of the Yale of

Clwyd.
The same story of easterly drift is told by the larger boulders

' Proc. Chester fcoe. Nat. Sci. part 3 (1885).
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which are plentifully distributed over the liills up to a height of

nearly 1900 feet *. Though so many boulders of Flintshire lime-

stone have been scattered over the Millstone Grit, I know of no
instance in which they have travelled westwards on to the Wenlock-
Shale area. One boulder of limestone has been noted on Moel
Dywyll, at a height of about 1500 feet above the sea, but may be

reasonably inferred to have been derived from the Carboniferous

Limestone of the Vale of Clwyd. The vast majority of the erratic

blocks have been derived from the felspathic igneous series of the

Snowdon and Arenig range, while a large proportion of the remainder

are attributable to the Denbighshire Grits.

The Carboniferous basement-beds, which form a narrow fringe on

the south side of the limestone escarpment of Llandulas and
Abergele, provide clear evidence of the direction of transport in this

neighbourhood, inasmuch as the colour and lithological character of

the pebbles of which they are composed renders them easily

distinguishable from any other local rock. These pebbles are found

to have travelled from the outcrop to the beach between K.hyl and

Colwyn, that is in a northerly or north-easterly direction.

A less marked instance occurs in the case of Bryn Eurian, an

isolated hill of limestone on the west side of Colwyn Bay. The
proportion of limestone boulders in the local Boulder-clay of the

beach (the basement-clay) shows a marked increase at a point

bearing jST.^.E. from this hill. In the valley of the Dulas also it

may be noted that though no limestone boulders have travelled on

to the Wenlock-Shale area, yet the drift in the limestone gorge, as

far north as Eoel-fach, is composed exclusively of fragments of

Wenlock Shale. Still further to the north, in this gorge, this

AVenlock-Shale drift passes into a drift composed principally of

limestone boulders, but containing some northern derivatives.

It would seem, from what has been said above, that the local drift

of the country adjoining the north coast of Wales has travelled

generally from the land towards the sea. The same remark, however,

would not apply to the drift of Flintshire. In this part of North
Wales the direction of transport was not towards the sea, though all

the physical features of the ground run in such a direction as would
appear likely to turn it in this direction, but was nearly at right

angles to and across the principal ranges and valleys, namely the

Moel Fammau range, the Millstone grit and Carboniferous-lime-

stone escarpments, the Yale of Clwyd, and the Vale of Llanarmon.

The fact of the transport having been towards the sea on the north

coast, would seem to have been merely a geographical accident, the

direction having been uniform along the whole border towards the

east-north-east, and in other parts of the district independent of the

physical configuration of the ground.

I have previously described the boundaries of the drift of northern

derivation, and for the sake of clearness have indicated them by a

dotted line on the accompanying map (p. 370). There is a tendency

* Mackintosh, Quart. Journ. Geol. Soc. xxxv. p. 425 (1879).
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however, for the northern and the Welsh drifts to intermingle along-

this line. The ballast-pit at Colwyn Bay, for example, shows that

the latest deposit of northern derivation, a reddish-brown clay with

few boulders*, is jumbled up with a very stony and gravelly deposit,

derived entirely from the waste of the Silurian hills by which the

bay is enclosed. Similarly the underlying sands, which probabl}^ form

part of the northern series of drifts, are interstratified with well-

bedded gravels of Wenlock-Shale fragments t. These deposits rest

upon an intensely hard and stony basement-clay, composed chiefly,

if not entirely, of fragments of "Welsh parentage, and extend but a

short distance inland, the valleys leading up among the hills^

containing a drift of purely local origin, which may or may not

be continuous with the basement-clay of the coast. In the Vale of

Clwyd also it is not possible to assign an exact southern limit to the

drift of northern origin, the difficulty being here increased by the

fact that both the far-travelled and the local drift are of a red colour.

The occurrence of chalk flints, noted by Prof. Hughes as a charac-

teristic feature of the drift a])out St. Asaph t, indicates that the

currents from the north extended as far south at least as shown on

the map. The most southerly boulder of Scotch granite noted by
Mr. Mackintosh occurs about one mile south of Denbigh, on the

Ruthin road §. In Plintshire, Criffel granite has been found by
Mr. Mackintosh about a mile west of Mold, and Eskdale granite

with chalk flints on Halkin Mountain, indicating that here also there

is tendency for the northern drift to inosculate with the local deposit

of western derivation.

As a general rule, however, the far-travelled drift is found to'

overlie that which is made up of the rocks nearer at hand. Thus
the northern drift at Colwyn Bay, though mixed up with beds of local

derivation, lies on the top of the almost purely local basement-clay.

Again at Rossett the northern Boulder-clay of the low ground was
clearly deposited after the great banks of local gravel at Gresford

had come into existence.

As in the case of the Lancashire striae, so in that of the Welsh,

it is always a Boulder-clay or a gravelly deposit, corresponding in

its want of stratification and in its containing scratched stones to

a Boulder-clay, that is found to rest on the striated surfaces. The
Boulder-clay on the Welsh border resembles that of the low grounds

of Lancashire and Cheshire in being interstratified with sands and

gravels, but differs from it in being very variable in composition

;

for it consists of Silurian, Carboniferous, or Triassic debris principally,

according to local circumstances. There is, moreover, a less sharply

marked distinction between Boulder-clay and gravel at the higher-

levels, the former, when made up of sandstone debris, seeming occa-

* The lower-level brown Boulder-clay of Mr. Mellard Eeade : Quart. Journ.

Geol. See. vol. xH. p. 104 (1885). See also Hall, " On the Geology of the

district of Creuddyn," Proc. Liverpool Geol. Soc. (1867).

t Geology of the Coasts adjoining Ehyl, Abergele, and Colwyn (Geol.

Survey Memoir, 1885).

I Proc. Chester Soc. Nat. Sci., part 3 (1885).

§ Quart. Journ. Geol. Soc. vol. xxxv. p. 432 (1879).
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sionally to pass horizontally into gravel. Yet the essential charac-

teristics of the two deposits are sufficiently preserved to make a

broad separation possible—the sands and gravels consisting of water-

worn stratified materials and rising into ridges and hummocks,
while the Boulder-clay contains scratched stones, is scarcely or not

at all bedded, and has a tendency to lie in hollows. The drifts of

the two districts therefore, though lithologically different, are quite

analogous in their arrangement, and are probably the result of a

similar, if not the same, sequence of events.

As a general conclusion from the facts detailed above, it may be

stated that :

—

1. The stria? on the English and Welsh sides respectively, while

showing variations among themselves, by a marked preponderance

in one quarter of the compass, indicate a direction of principal gla-

ciation, this direction being, on the English side from about I^.N.W.,

and on the "Welsh from about W.S.W.
2. The direction of glaciation in both districts agrees very closely

with that of the transportation of the drift, but is only locally in-

fluenced by the form of the ground.

3. The striae are by no means universal, but are found almost

exclusively in connexion with those beds in the drift which contain

evidence of the actual presence of ice.

Part III.

Origin of tlie Strict.

Yarious theories have been x^ut forward to account for the origin

of the striae in South Lancashire. Mr. Morton at first suggested

the hypothesis of an ice -sheet moving from S.E. to iST.W., but sub-

sequently saw reason for abandoning this theory in favour of ice-

fields carried by tidal currents *. Mr. Tiddeman, after describing

the glaciation of Xorth Lancashire, infers from the general paral-

lelism that the striae of North and South Lancashire were due to

the same cause, this cause being the movement of an ice-sheet from

N.N.W. to S.S.E.t Mr. Mellard Eeade accounts for the cross striae

on the hypothesis of ice-sheets moving from the mountains of Cum-
berland and Wales respectively, and varying in relative power J.

Mr. De Ranee attributes the glaciation to an ice-sheet moving
southwards during the period of the Till, and before the submergence

of the Boulder-clay period §. Sir Andrew Bamsay, in 1876, ascribed

the glaciation of Anglesey and the scooping out of some shallow

valleys to the grinding power of a vast glacier, moving from the

* Proc. Livei'pool Geol. Soc. sess. 18, 1876-77.

t Quart. Journ. Geol. Soc. vol. xxviii. (1872).

X Proc. Liverpool Geol. Soc. sess. 14, 1872-73.

§ Geological Survey Memoir on the Superficial Deposits of S.W. Lancashire.
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north-east across Morecambe and Liverpool Bays*. Dr. Ricketts,

on the other hand, opposes the idea of " a monstrous glacier filling

the Irish Sea, or of one extending from the mountains of Cum-
berland across the Bay of Liverpool," and attributes the scratches

to glaciers descending the valleys. Mr. Mackintosh, in his nume-
rous papers communicated to this Society, remarks on the fact

that the striae run in the main directions in which erratics have

travelled from their respective points of dispersion, and attributes

the dispersal of the erratics to floating ice. The production of

the striae also he assigns to the same agent, and remarks, " all

the striated and planed rock-surfaces around Birkenhead and Liver-

pool are covered, so far as I have seen, by Upper Boulder-clay

which, without any change in its character or intervening de-

tritus, touches the striated rock-surfaces." He concludes that the

overlying clay was deposited while the striated surface was still

submerged f.

Tn 1883 Mr. Mellard Eeade remarks that he has found no Shap
gTanite on the west side of the Pennine chain, and that the erratic

blocks are confined to the drainage-area of the Irish Sea. " This

fact," he adds, " seems to me fatal to the idea of an ice-sheet over-

riding the great watersheds, and points to a system of glaciers

radiating from mountain-nuclei. The distribution of the erratics,

as described, seems unaccountable on any theory excepting that of

their being sea-borne " %.

Prof. T. M'^K. Hughes notes the easterly direction of the striae

around the Vale of Clwyd, and points out that the ice ignored the

vale. " Everything fits in with the hypothesis that the mixed Clwy-
dian drift belongs to a period when the glacier ice had receded, and
the sea was working away, sorting, and transporting the ancient

glacial drift " §.

It is clear that neither in South Lancashire nor on the Welsh border

can the phenomena have been produced by any system of local

glaciation. A glacier formed in the valley of the Mersey would have

taken exactly the opposite direction to that in which it is probable

that the striating agent actually travelled: similarly a glacier formed

in the Yale of Clwyd would certainly travel along the vale to the

sea, down the uninterrupted slope of the Triassic rocks, rather than

go out of its way to traverse the lofty Silurian hills on the west.

Nor is there any trace of moraines in any of the valleys in the dis-

trict under description. The question thus resolves itself into the

consideration of two hypotheses,—first, that of two ice-sheets, an-

terior to the submergence, moving under the influence of gravitation

from north-north-west in Lancashire, and from west-south-west in

North Wales, and meeting at the border; secondly, that of field-

* "How Anglesey became an Island," Quart. Journ. Geol. Soe. vol. xxxii.

(1876).

t Quart. Journ. Geol. Soc. yoI. xxxv. p. 440 (1879).

X "The Drift-beds of the North-west of England and North Wales.

—

Part II.," Quart. Journ. Geol. Soc. vol. xxxix. p. 83 (1883).

§ Proc. Chester Soc. Nat. Sci. part 3 (1885).
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or coast-ice carried by marine currents in these directions during

the period of submergence.

The former of these hypotheses is opposed by the following facts :

—

(a) The rock surface is not moutonnee on a large scale, and striae

are by no means universal, but exceptional, even where Boulder-

clay is still in existence. The terminal curvature, like the

striae, is of local occurrence.

(6) The drifts associated with the striae are marine deposits.

(c) Striae, inclined at various angles to one another, are found

not only in the same neighbourhood, but upon the same slab.

(a) On the first of these points I may remark that though striae

are so abundant about Liverpool, and along the valley of the Mersey,

they are at present entirely unknown near Chester, though the

conditions for their preservation are precisely similar. This fact

has been noted also by Mr. Mackintosh *. Within the Welsh border

also it may be noticed that though striae in some small areas are

abundant, yet it is more common to find the rock-surface, even

under undisturbed Boulder-clay, not only not striated, but presenting

as ragged a surface as that of a limestone scar exposed to the air.

It is, again, a well-known fact that the top of a lead-vein is fre-

quently marked by the abundance of pebbles or masses of lead-ore

in the drift. So abundant was this ''^ gravel-ore " at Talargoch that

the lower bed of the drift was tunnelled in search of it in all

directions along the outcrop of the vein, at a depth of about 150-200
feet from the surface f. It is clear that these masses of galena are

the residue of a considerable thickness of rock that has been removed,

and that they have been left in consequence of their high specific

gravity. This, however, would hardly have saved them from trans-

portation had the district been crossed by an ice-sheet.

(6) On the marine origin of the drifts of the Lancashire and
Cheshire plains and of the Welsh coast and border, there seems to

be a general agreement of opinion J. The well-marked stratification

of the deposits as a whole and the occurrence of marine shells

throughout them seem to point to this conclusion. Though the

stratification is scarcely apparent on an inspection of a Boulder-

clay section, it becomes so on comparing the records of the great

number of shafts and borings that have been made in South Lanca-
shire and on the Welsh border. In every case where the drift

attains any thickness, as in a preglacial river-valley or the maritime
plain of North Flintshire and Denbighshire, it is found to consist

of alternations of sheets of Boulder-clay with sand and gravel, the

beds running sometimes for a mile or two without interruption.

Thin beds of sand may be traced for hundreds of yards in the Boulder-

clay, and even the Boulder-clay itself not unfrequently shows a

rude separation into more or less stony bands. In one case (the

* Quart. Jourii. Geol. Soc. vol. xxxv. p. 425 (1870).

t ' Geology of the Coast adjoining Rhyl, Abergele, and Colwyn ' (Geological

Survey Memoir, 1885), p. 47.

X This opinion is held also by Dr. Hicks. " On some Bone-caves in North
Wales," Quart. Journ. Geol. Soc. vol. xlii. p. 16 (1886).
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Railway-cutting at Spring's Branch, near Wigan) it consisted of a

great number of alternating bands of red claj^ and fine sand, very

regularly interstratified : in another (a brick-pit near Wigan) it was
finely and evenly laminated. These, it is true, are exceptional forms

of the Lancashire Boulder-clay, and I attach more importance to the

fact of its occurring on a large scale in horizontal sheets alternating

with sand and gravel as a proof of its being a stratified deposit.

One of the most noticeable features also in the drifts of the

region under description is the great development of sand and gravel

in which all evidence of ice- action is entirely wanting. The valley

of the Weaver and of the Alyn and the Vale of Clwyd give examples
in Whales, while in the neighbouring parts of England are found the

great sand-banks of Ellesmere, Delamere, and other parts of Cheshire.

Such extensive deposits of thoroughly washed and sorted sand and
gTavel are not found in the mountainous parts of Wales and the Lake
District, where, on the other hand, the proofs of the former existence

of an ice-sheet are more convincing. That they are part of the

Glacial beds is clearly proved by the fact that in almost every case

they may be seen to be overlain by true Boulder-clay *
; and that

they are truly marine deposits has, I believe, never been questioned t-

The question, however, on which disagreement exists is whether
the striae were produced before or during the submergence which
led to the deposition of these marine beds.

The occurrence of a tough blue basement-clay packed with stones,

most of which are scratched, underneath the undoubted marine

drift of the Welsh coast has been previously noted. This " Till " J
has been attributed to the action of an ice-sheet passing northwards

and eastwards from the highest ground of North. Wales in a period

preceding the submergence, and the striae have been referred to the

same agent.

The opinion of Mr. Mackintosh on this point has been already

quoted (p. 382). My own observations also tend entirely to the

conclusion that the striae are connected with the marine drifts, and

were formed during the submergence.

In almost every case it is the uppermost and newest member of

the drift under which the striated rock-surfaces are found. Erom

* ' Geology of the IsTeighbourhbod of Chester ' (Geol. Survey Memoir).
t Sands and gravels with marine shells of recent species occur on Moel Try-

faen at a height of 1350 feet above the sea, on Minera Mountain at 1230 feet

(Mackintosh, Quart. Journ. Geol. Soc. vol. xxxvii. 1881), and on Halkin Moun-
tain at 956 feet. The total amount of submergence is estimated by Mr. Mack-
intosh to have been 1900 feet in North Wales (Proc. Chester Soc. Nat. Sci.

part 3, 1885).

\ The word " Till " has been usually applied to an uustratified clay in which
boulders are very abundant, the name Boulder-clay being usually given to a
less stony and more purely clayey deposit. A Boulder-clay, however, shades

into a Till on approaching the source of the materials. The Chalky Boulder-

clay of Lincolnshire, for example, becomes locallj^ a chalk-till on the south side

of the Lincolnshire Wolds. (Geol. Survey Memoir on sheet 83, in the press.)

The relation between the Scotch Till and the Boulder-clay of the Lancashire

plains has been discussed by Mr. Mellard Eeade, Proc. Liverpool Geol. Soc.

Session 21 (1879-80), and Trans. Geol. Soc. Glasgow, 1880.
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the tendency of the drift to be iu horizontal beds, filling up old valleys

and hollows, it results that the upper beds frequently overlap the

lower, and that towards the margin of a deeply drift-covered area,

the newest member, usually a Boulder-clay, is found resting directly

upon the rock. It is precisely in such situations that most of the

striae have been observed. But it is certain, from their freshness,

even upon the friable Triassic sandstones, that they must have been

covered immediately after they were produced, and must have
remained so up to the present time. It follows, then, that they

were formed after the earlier and before the latest of the marine
deposits. From the general similarity from top to bottom presented

by the whole series of the drift-beds in the plains *, it seems im-

probable that there can have been such complete breaks in the

sequence of events as the repeated encroachments of an ice-sheet

during the submergence of the area. There is less difficulty in

conceiving, on the other hand, that the sea was subject to periodical

invasions by floating ice, by the interruption of which the free

sorting and stratification of sediment would be checked, and a sheet

of Boulder-clay formed, while by the irregular drifting and occa-

sional stranding of the ice, striae, such as are observed, would be

produced.

The evidence for the extension of a portion of the Lake-District

ice-sheet as far south as Xorth Lancashire has been given by
Mr. Groodchild t, and consists in the position and general direction

of the striae and in the distribution of the drift, which he considers

to have been carried in the ice.

The contiguous district on the south had been previously described

by Mr. Tiddeman J:, who states, as a result of his observations, that
" the general movement was to the S. or S.S.E., across deep valleys

and over hills of considerable elevation." He finds that the rock-

surface is invariably moutonnee and usually striated where Till exists

or has existed ; that there are no indications of coasting or of deflection

by partially submerged hills ; that the terminal curvature is found

on the flanks as well as on the tops of the hills ; lastly, that the

transportation of the Till is explicable onlv on the supposition that

it was the moraine profonde of an ice-sheet. And for these reasons

he attributes the observed effects to the action of an ice-sheet rather

than of floating ice.

It will be seen, however, from what has been said above, that

there are great differences between the region described by Mr. Tid-

deman and that now under consideration, the principal being the

comparative rarity of moutonnees or striated surfaces, and of terminal

* There is sometimes a larger proportion of local materials in the lower
beds, as might be expected. So great, however, is the resemblance of one part

of the series to anotlier that the name of Upper and Lower Boulder-clay has

been assigned to the same bed by different ol.iservers. It has not been found
possible to make any general separation of Upper and Lower Boulder-clay in

South Lancashire.

t Quart. Journ. Geol. Soc. vol. xxxi. (187.^).
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curvature; but more especially the development of undoubtedly
marine sands and gravels in association with Boulder-clays, prob-
ably of marine origin also.

But the view of this ice-sheet having extended from the north
over this region and along the coast of ISTorth Wales has been put
forward by Sir A. Ramsay as a result of his observations on the
Isle of Anglesey *:,. The evidence adduced may be briefly stated as

follows :—The gently undulating plain is overspread by detritus

from the north ; the underlying rocks are often ice-smoothed and
marked with strise pointing directly to the mountains of Cumber-
land ; the Snowdon group of mountains sent down great glaciers

to the west, north-west, and north, but never across the Menai
Straits. The striations of Anglesey were produced by an ice-sheet

which overspread the region now occupied by the shallow sea of

Morecambe, Lancaster, and Liverpool Bays, and was of sufficient

power to stop the encroachment of the Snowdon glaciers. Mall-

draeth Marsh, the Menai Straits, and other valleys of minor note

run in precisely the direction of the striae, and were scooped out by
this vast glacier from the north-east. It may be added that if the

striation and configuration of Anglesey were produced by such an
ice-sheet, it would form a strong argument for that of South Lan-
cashire having been due to the same cause.

But I would venture to suggest that it is not necessary to invoke

the assistance of this vast glacier to account for the form of the

ground in Anglesey. In the case of both the Menai Straits and
Malldraeth Marsh large faults have introduced strips of Carbo-

niferous strata among the older rocks ; such faults invariably con-

stitute lines of weakness, and the association of rocks so different as

the Carboniferous (especially the Coal-measures) and highly altered

schists invariably gives rise to a physical feature. These faults

date from an early period, and features due to the structure, and
corresponding more or less with those existing now, probably came
into existence long before the Glacial period. The drifts of the

island, as described, appear to be the continuation of those which
overspread South Lancashire and fringe the coast of North Wales,

and like them are probably marine. If, then, the features of the

island are due to the geological structure and the drift is a marine
deposit, the reasons for invoking the aid of an ice-sheet no longer

exist.

While, however, there is a general agreement as to the marine
origin of the sand, gravel, and associated Boulder-cla3^s, there is an
equally wide-spread opinion that the tough and very strong base-

ment-clay, seen at Colwyn Bay, Bryn Elwy, Llanefydd, and other

places in Forth Wales, is the product of an ice-sheet. It has been

one of the objects of this paper to show that the striae of the border-

land belong to the later period of the undoubted marine drifts. So

far as I know, none of those herein described show any connexion

* " How Anglesey became an Island," Quart. Journ. Geol. Soc. vol. xxxii.

(1876).
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with the earlier deposit, except that, so far as can be judged from

the very limited sections, the materials of which it is composed

seem to have travelled also in a north-easterly direction. The
discussion of its origin is therefore beyond the scope of this paper

;

but it, may be pointed out that the sequence of deposits presents a

general similarity to that found in the east of England. The so-

called Upper Boulder-clay, or Chalky Boulder- clay of Norfolk *, for

example, with the underlying sands and gravels, is comparable in

many ways to the marine drifts of South Lancashire and IS'orth

Wales. In particular the signs of disturbance of the pre-existing

beds, though not so marked as in the Contorted Drift pf the east, are

still a noticeable feature below a Boulder-clay in this district. The
Cromer Till also, though consisting, of course, like the rest of the

East Anglian drift, of different materials, corresponds in its de-

scription to the basement-(day of Xorth Wales. Without entering

into the question of contemporaneity in the deposits of the east and
north-west of England, it may be remarked that a somewhat
similar sequence of events is indicated in the two areas. The
Cromer Till is usually regarded as the product of an ice-sheet, the

sands and gravels as indicating an intergiacial period of submergence,

while the Upper or Chalky Boulder-clay is attributed by various

authors to an ice-sheet or coast-ice.

The importance of the fact that the newer drifts of the north-

west are made up of alternations of Boulder-clay and sand and
gravel consists in this, that on the ice-sheet theory of the origin of

the Boulder-clays, it must be supposed that either the sea-bed was
repeatedly invaded by an ice-sheet, or that the land underwent
repeated oscillations of level. In either case it would seem as if the

beds and the evidence of each change should have been more widely

spread. But nothing is more strongly impressed upon us by a careful

drift-survey of this district than the impossibility of correlating the

details of one section with those of another, unless in the immediate
neighbourhood. The constantly varying conditions which seem to

have prevailed, and the evidence of different conditions having held

in neighbouring localities at the same time, seem to point to the

action of floating ice driven by tidal or oceanic currents. During the

time of even the greatest submergence Snowdon and the surrounding

hills must have stood well above water, and on the south and south-

east islands both large and small must have been numerous. By
such a group the prevailing currents from the north would be
deflected, to the south-west over Anglesey on the one side, and to

the south-east over the plains of Cheshire and Shropshire on the

other, while within the limits of the group a local circulation might
be maintained.

* For a general account of the Norfolk Drifts, see " The Glacial Drift ol"

Norfolk," \)j H. B. Woodward, Proc. Geol. Assoc, vol. ix. no. 3, p. Ill

(1885).
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Discussion.

The President observed that the Author had made good use of

his opportunities as geological surveyor in the district, and had

brought forward facts which seemed to be of great value in their

bearing upon the two rival theories of glaciation.

Mr. De Eance said that he had read a paper sixteen years ago

on the same district, and was glad to find that Mr. Strahan's results

agreed with his conclusions.

He proposed to enlarge on a few points. He noticed, for instance,

that many of the old villages were built on those little sandy and
gravelly knolls which come up through the Boulder-clay. It might
be true that the sands and gravels were not so abundant in South
Lancashire as on the Welsh border, but in the neighbourhood of

Blackpool there are splendid sections showing two Boulder-clays

and a gravel series. When false-bedded the direction is S.S.E.

As regards the discovery of flints in Boulder-clays, he mentioned

that in the neighbourhood of Blackpool Lias fossils, evidently from
Antrim, had been found in Middle Glacial gravels. All these clays

contained shells of the same species, but more broken than those

in the gravels.

Dr. Hicks had examined portions of the district referred to, and
held the same opinion as the Author as to the origin of the striae.

In the caverns examined by him there was at the base a local drift,

then marine sands, and above all a Boulder-clay with ice-scratched

boulders from northern sources.

The Author thanked the Society for the reception accorded to his-

paper.

Q.J.G.S. No. 167. 2 s
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33 . On some Eeuptive EocKs/rom the Neighbouehood of St. Minver,

CoENWALL. By Feank Rutley, Esq., Lecturer on Mineralogy

in the Eoyal School of Mines. (Eead June 9, 1886.)

[Plate XII.]

Among the numerous exposures of eruptive rock occurring in the

vicinity of St. Minver, near Padstow, those at Cant Hill and
Carlion are conspicuously represented on Sheet 30 of the Geological

Survey map.
In both cases these rocks occupy high ground, and in both they

are mapped as " greenstone ;
" but a casual glance suffices to show

that they are very different from one another, although at their

nearest points they are little more than half a mile apart.

The surface of the ground is undulating, and the hills are, as a

rule, smooth and under cultivation, so that it seems probable that

the boundary lines of these eruptive rocks have been partly mapped
from superficial features, the exposures being neither large nor

numerous. If it were not for two or three small quarries which
have been opened, there would be very little eruptive rock visible,

and in no case did I see any contact with the adjacent slates. I am
therefore unable to state what is the relation which the former

bears to the latter, although, from an inspection of the Survey map,
I hoped that it would have been possible to gain some information

upon this point at the base of Cant Hill, on the eastern side.

With this object in view I examined the foot of the hill, passing

from St. Michael along the bank of the estuary to the small cove near

Cant Farm, but, at the spot where, judging from the map, the

eruptive rock might be expected to be visible in place, nothing but

loose fragments of it were to be seen. The journey round the base

of the hill being dependent on the tide, and the time at my disposal

being limited, it seemed scarcely worth while to repeat the visit ; but

it is just possible that more diligent search, hereabout, might afford

useful information.

The impression which I first received, on examining sections of

the Cant-Hill rocks microscopically, was that they were tuffs

composed of basic lavas and fragments of vesicular glassy rock ; but

Prof. Eenard, to whom I forwarded the sections, having kindly

examined them, favoured me with his opinion that they were vitreous

lavas of a diabasic type, and, after much time spent in further

examination of them, I have arrived at a similar conclusion. My
thanks are therefore largely due to Prof. Eenard for his useful

suggestion. I am, however, still not fully satisfied that the clastic

appearances visible in some of these rocks may not be due to the

presence of volcanic ejectamenta, although it is also possible that

these appearances might result from the crushing of a lava by the

pressure of superincumbent masses. And here another difficulty

steps in, for we sometimes meet with beds of volcanic ejecta
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•consisting of identical or unmixed lava fragments, in which case it

is hard to distinguish such a deposit from a similar coulee of lava

which has undergone crushing in situ.

To Mr. Grenville Cole, whose knowledge of vitreous rocks is both

extensive and exact, I am also indebted for a confirmatory opinion *.

The following is a short account of the nature of these rocks :

—

No. 1. Cant Bill, East end, at top of hill (Plate XII. fig. 1).

—

This is a light brown, roughly fissile rock with greyish or yellowish-

white porphyritic crystals, chiefly less than an eighth of an inch in

diameter. On a surface cut transversely to the direction of fission,

the general structure of the rock is rendered apparent by exceed-

ingly delicate sinuous streaks of three kinds, namely dark green,

reddish-brown, and grey. These fine streaks are seen here and
there to be traversed by very delicate veins of a dark-green colour.

Under the microscope the finely-streaked appearance of the section

is at first sight strongly suggestive of the fluxion structure seen in

lavas. There are bauds and small knots of felsitic matter (micro-

crystaUiue) separated by bands of translucent greenish-yellow or

brownish- yellow serpentine t, and more delicate opaque streaks,

some of which are reddish brown or rust-coloured, while others

appear snow-white. These opaque streaks seem to indicate, in part,

an original fluxion-structure in the rock, especially in the case of the

snow-white markings. In one part of this section there occurs a

thin vein of greenish-yellow to brownish-yellow serpentine, which
is traversed by the opaque rust-coloured strings, while the opaque

white streaks are distinctly separated by the vein ending abruptly

against its edges. This clearly shows that we have to deal with
two distinct sets of opaque streaks—the one set having been formed
before, and the other after the formation of the vein. The white

streaks represent the earlier and the rust-coloured streaks the later

structures. That the rust-coloured markings do not represent

fluxion-structure is evident, since, if they did, they would be

interrupted by the vein of serpentine ; but they traverse it. The
white markings, on the other hand, do not cross the serpentine vein,

and it is therefore possible that they indicate an original fluxion-

structure in the rock. Both sets of these opaque strings run
confusedly together, and interlace in a complicated network, except

where the vein occurs.

The greenish-yellow serpentinous films and strings which follow

the general striping of the section are found, when examined in

polarized Hght, to be actually continuous with the similar substance

of the vein which traverses them, as shown at a a in the accompany-
ing woodcut (fig. 1), while the black markings indicate the opaque

* Shortly before the reading of this paper Prof. Bonney also examined these

specimens and sections, and lindly gave me his opinions on them. In the main
his conclusions agreed with those already arrived at. One or two of the points

upon which he diffei'ed have since been recorded in supplementary notes.

t Prof. Bonney, who favoured me with an opinion upon these sections, regards
much of the substance which I have here called serpentine as a palagonitic

material.

2e2
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strings, some of which (opaque white) are cut off by, while others-

(rusty-coloured) traverse the vein.

Fig. 1.

—

Cant Eill, East end, at top of hill.

a a. Greenish-yellow to brownish-yellow scaly serpentinous matter.

The sketch shows the continuity of bands of this serpentinous substance with

the cross vein of the same material. In the vein the scaly character is better

Been than in the bands, since in the vein the scales lie confusedly in all directions,

while in the bands they are approximately parallel.

In the felsitic portions of the preparation numerous small circular

and lenticular spaces occur, filled sometimes with quartz and at

others with serpentine. These have apparently been vesicles, and
from these, and from the appearance of fluxion-structure, there

seems little doubt that the rock was originally a lava. In one or

two places there seems to be evidence of a banded, and perhaps

spherulitic structure, as shown in the middle of fig. 1, Plate XII.
We have now advanced far enough in our examination to assume
that we are dealing with a banded vesicular lava. The next point

to ascertain is the nature of the assumed lava.

Porphyritic felspars are present in tolerable quantity, but they

are often considerably altered. Where they are sufficiently fresh

to exhibit distinct optical properties they are seen, from their extinc-

tions, to be triclinic, the extinction-angles often approximating to

those of labradorite. The next point of interest is the profusion of

serpentine which is present in the rock. It occurs chiefly in

irregular or lenticular patches which fade away into filaments,

granular specks, or stains. The general appearance, however, is

that of very irregular bands, and it seems probable that their more
expanded portions represent pseudomorphs after pyroxene or olivine

which have been reduced to lenticular forms by pressure. The
opaque rusty-coloured matter in the rock is limonite ; the opaque
white substance kaolin, or perhaps leucoxene in part. We have
therefore, with the exception of a few imperfectly altered crystals of

triclinic felspar, nothing but decomposition-products. If from these

secondary materials we endeavour to speculate on the original

mineral constitution of the rock, we have triclinic felspar (labradorite
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in part) and its secondary products kaolin and felsitic matter, the

secondary product serpentine, which has probably resulted from the

decomposition of pyroxene or olivine, and the secondary product

limonite, which may have been derived from the alteration of magne-
tite or ilmenite. The normal constituents of the rock may there-

fore be regarded as those of a basalt or an andesite, while the greater

part of the felsitic matter present most likely represents the altera-

tion of a glassy base. We therefore seem justified in regarding this

rock as a once vitreous lava of a more or less basic type. To some
.extent I feel confirmed in this view by remarks made by Professor

Renard, who kindly examined these sections and gave me the benefit

of his "impressions" concerning them; and, although I had
previously arrived at similar conclusions regarding the mineral

constitution of these rocks, I must admit that I was inclined to

regard them as tuffs composed of fragments of once vitreous basic

lavas, rather than true coherent lava-flows. As it is, I cannot help

thinking that they have in many cases experienced considerable

crushing ; but, if so, it has been from pressure normal to the planes

of foliation, and the foliation is due, first to decomposition of certain

mineral constituents, and secondly to pressure ; but I can find no
evidence that any shearing action has been implicated in the

production of the structure which now exists in the rock. The
evidence afforded by the small serpentine veins transverse to the

direction of foliation negatives such a supposition.

No. 2. Cant Hill, East end, at top of hill (Plate XII. fig. 3).—
This specimen was collected from the same locality as no. 1, in a

small grubbing not more than four or five feet deep. It is a pale

greenish-brown or greenish-grey rock, with numerous pale grey or

yellowish-white porphyritic crystals or flecks ranging from about a

fifth of an inch to quite microscopical dimensions.

On a smoothly cut surface very delicate, wavy, but roughly

parallel streaks of a dark green colour are visible. A vein of a

dark green serpentinous substance cuts obliquely across the banding

in this specimen. The green matter has a hardness of about 3 or

slightly less. The rock weathers with a rusty brown surface.

Under the microscope it presents the appeaj'ance of a vesicular

lava with a more or less devitrified ground-mass, and contains

numerous porphyritic triclinic felspar crystals, which have frequently

& fragmentary aspect. The vesicles are extremely numerous, in

most cases their sections are circles or ellipses, although they are

sometimes of irregular form, and they are for the most part filled

with serpentine, chalcedony, or quartz. The section is impregnated

with much opaque, yellowish-white matter, apparenlly kaohn. A
drawing made from this preparation, as seen by ordinary transmitted

light under an amplification of 2d diameters, is shown in fig. 3,

Plate XII. There is, in many parts of this section, an appearance of

contorted fluxion-structure. The extinction-angles of some of the

porphyritic felspar crystals indicate labradorite, others anorthite.

Some of these seem to have undergone a certain amount of corrosion,

iis suggested by Prof. Renard.
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No. 3. Cant Hill, West end, at top of hill (Plate XII. fig. 2).—
This is a purplish-grey rock with a somewhat fissile structure and
little greyish-white specks of irregular form. It was derived

from a small quarry which has been opened out on the top of the

hill. The rock in this quarry is strongly jointed, and appears to

be fresher than that occurring in the small grubbing from which
the specimens nos. 1 and 2 were procured. The stone here still

seems, however, to be considerably weathered *. A section of

this rock seen under the microscope appears as a clear, almost

colourless, glassy lava full of small vesicles, frequently bordered

by minute round granules or moniliform edgings of an opaque-

snow-white substance. The glassy matter also contains irregular

nests, strings, and nebulous segregations of minute j^ellowish-

green granules, which appear to be epidote (fig. 2, Plate XII.)

The vesicles give circular and elliptical sections in some places, while

in others they are greatly elongated in uniform directions, sometimes-

occurring close together, so as to form vesicular streams, which are

frequently sinuous and indicate fluxion. There is also a wavy,,

thread-like structure in the glass, which is not very clearly to be

recognized except between crossed nicols under a moderately high

power, when the fibres are seen to depolarize in feeble greyish-blue

tints. At first sight it would seem that this substance might be
serpentine, but it is probably a felsitic ' substance (" microfelsitic-

basis " of Rosenbusch). In many places the glass is almost

unaltered. Small crystals of triclinic felspar occur in this glassy

or once glassy ground-mass. The rock appears to have been some-
what crushed, and contains a considerable amount of calcite, a little

quartz, and a few dark opaque grains, which are either magnetite

or titaniferous iron
;
possibly there is a little serpentine. Much of

the opaque white or faintly rusty-stained matter in the section I

am inclined to regard as leucoxene, resulting from the complete

decomposition of ilmenite. We have here, then, a partially devitri-

fied lava of a highly vesicular character, in which the felspars are

triclinic, while the secondary products, epidote and leucoxene, indi-

cate that pyroxene, possibly olivine, and ilmenite were once present

as original constituents. The rock, therefore, may be assumed to

have been a vitreous basic lava, and may very likely be coeval

with the lavas erupted in the Brent-Tor district, which, although

mapped as occurring in the Culm series, are probably of Devonian

age.

No. 4. Caoit Hill, West end, at top of hill.—^This specimen was
taken from the same quarry as no. 3, which it closely resembles,

but shows a considerable amount of ochreous matter, which is

distributed in small patches and films throughout the rock. Calcite-

seems, however, to be absent from this specimen, and there is a large

proportion of serpentinous matter, so large, indeed, that by burnish-

ing a smoothly cut surface of the rock with an ivory paper-knife, a
fairly good polish can be communicated to it.

* I would here acknowledge the courtesy of Mr. Wm. Buller, of Cant, in

giving me useful information concerning the quarries in the neighbourhood.
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When we examine a section of this rock under the microscope,

we find that some of the original glassy basis has to a large extent

been converted into serpentine, especiall}' along lines which seem to

indicate fluxion-structure. How far this process of alteration has

taken place in the glass it is difficult to determine. There may be

a little unaltered glass still remaining ; but this is a doubtful point.

The glassy or once glassy portions of the rock are of a yellowish-

brown or coffee-colour, and are full of vesicles which are frequently

filled with chalcedony and often give the dark cross common to

radiate crystallizations when viewed between crossed nicols. There
is, in addition to the serpentine, a large proportion of kaolin present.

Nos. 5 and 6. Cant Hill, East side, at foot of hill, not in lolace.—
In sections nos. o and 6, cut from specimens collected from debris

on the shore, on the east side of the hill, nearly opposite the slate-

quarry, we find the same vesicular lava, devitrified and in a more or

less crushed condition*, with a very considerable admixture of

calcite, serpentine, and some felsitic matter. Quartz often occurs

in the vesicles. There seems, then, no doubt that the up])er portion

of Cant Hill, which has been mapped as " greenstone," is really

composed of a basic lava of a once vitreous character, but so altered

that its original mineral constitution cannot be inferred with

precision. Whether the patch mapped as greenstone on the western

side of the estuary, stretching from Oldtown Cove to Tregouy, and
the exposures on the east of Cant Hill, touching Tregenna and
Dinham House, are extensions of this lava of Cant Hill, T am unable

to say, as I did not visit those localities; but, judging from their

relative positions on the map, it seems by no means an improbable

supposition.

No. 7. Carlion, near St. Minver.—These specimens were collected

in a small quarry on the top of a hill situated close to Cant Hill, a

road leading down from this quarry to Cant Farm being at the time

mended with some of this freshly broken stone.

It is a compact, greyish-green rock, with dark green or greenish-

black blotches, which, when it is roughly broken for road-metal, look

at first sight like rain-spots on an absorbent stone. Here and there

these spots show glistening cleavage-planes.

Under the microscope the constituents are seen to be augite,

triclinic felspars (apparently labradorite), ilraenite, a considerable

amount of felsitic matter, a little chalcedony, and, in some cases,

serpentine. The most striking features of the sections are the crys-

tals of augite. These are seen to be broken up into exceedingly

irregular patches, in places somewhat like the pieces of a dissected

puzzle, loosely shuffled together or slightly pushed apart (fig. 2,

p. 398) ; this is due to the augite crystals ha\dng enveloped small

felspar crystals and felspathic portions of the rock during the process

of crystallization, and not to any corrosive action.

In most cases the envelo])ed felspars have been converted into

felsitic matter, a fate which many of the larger felspar crystals have

also shared.

* Prof. Bonney is strongly inclined to regard no. (> as an ash.
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That these irregular patches and labyrinths of angite represent

individual crystals and not aggregates of crystals, there can be no
doubt whatever, since extinction takes place simultaneously and
uniformly, both over the connected and the isolated portions of each

patch or labyrinth.

JFig. 2.

—

Augite-anclesite* from Oarlion, near St. Minver, Cornwall,

The figure shows one of the remarkably labyrinthine crystals of augite as it

appears in a position of maximum extinction between crossed nicols. Part
of another crystal of augite, lying in a different azimuth, is represented in

the lower left-hand corner of the drawing. The interstitial portions

consist of altered felspars and felsitic matter.

Specimen no. 7, X 25. Crossed nicols.

Here, then, somewhat as in the case of micropegmatite, we have

a well-marked instance of interruption in the development of indi-

vidual crystals by the synchronous formation of smaller crystals of

another mineral f.

Similar interruption in the development of crystals is, indeed, a

very common feature in crystalline eruptive rocks ; but it is seldom

seen to occur in so striking a manner as in this rock from Carlion.

Different grades of such interrupted crystallization are shown in Prof.

Judd's recent paper on the " Gabbros, Dolerites, and Basalts of Ter-

* In using this term, mineral constitution only has been taken into con-
sideration.—R E., June 28, 1886.

t In this case, however, the mineral causing the interruption consists of small
individual crystals, thus differing from micro-pegmatitic structure, which is due
to interruption of crystallization in both of the minerals concerned.
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tiary Age in Scotland and Ireland," pi. v. figs. 1, 3, and 5 ; and Prof.

Oreen has lately shown me some good examples from Ehobell Fawr
occurring in rocks, probably of Llandeilo age, and from another spot

two miles E.N.E. of Dolgelly, intrusive in Lingula-flags.

Taking certain parallel lines as traces of cleavage-planes, parallel

to the vertical axis, we get the maximum extinction in some of the

Fig. 3.

—

Augite-andesite from Oarlion, near St. Minver, Cornwall,

tv ?•• -

v;

The black labyrinthine patch in the middle of the drawing is ilmenite

;

whether this patch consists of a single crystal or of an aggregate of crystals

of ilmenite is uncertain. The remainder of the drawing represents triclinic

felspars (more or less altered), felsitic matter, augite, and serpentine.

Specimen no. 7, X 25. Ordinary substage illumination.

augite sections in the Carlion rock at an angle of 39° from this

direction. In other sections the angle varies, but usually ranges

from 30° to 40°. Tested with a single nicol, the thin sections of

this mineral show little or no appreciable trace of pleochroism.

These crystals depolarize in vivid colours, and, when seen by ordi-

nary transmitted light, appear of a pale greenish tint. It is also

noteworthy that in sections of this rock the ilmenite frequently

presents a similar labyrinthine appearance, as shown in fig. 3 ; but
owing to the opacity of this mineral and the irregular outlines which
these ilmenite patches present, it is difficult to say whether we are

dealing with one crystal or with many.
The rock itself is an augite-andesite * (so far as its mineral con-

* Many petrologists may object to the application of the name andesite to

this rock, since it is holocrystalline ; but if, in defining an andesite, we admit and
require the presence of a ground-mass, we then have two terms for one rock,
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stitution is concerned), or what, a few years ago, we should have
called a basalt or dolerite; and if a name based upon colour be

worth anything, it is also a very good greenstone, and as such it was
formerly mapped by the Geological Survey. The other exposures of

eruptive rock in its immediate neighbourhood have, however, been

coloured alike ; but, although we can see at a glance that the

rocks of Cant Hill and Carlion are not of precisely the same character,

there is a certain rough justice in this generalization, which was
absolutely necessary in the early days of the Geological Survey,

since both are rocks which apparently possessed a somewhat similar

mineral constitution in the first instance. In the case of rocks which
present such frequently ambiguous characters as those of Cant Hill,

the work of the microscopist would be more sure if controlled by
observations made in the field; but Cant Hill to-day is probably

much the same as, it was when the Survey mapped it, and there

seems little more to be learnt until fresh quarries are opened out.

There are, however, probably points concerning the relation of the

eruptive rocks to the slates which would well repay further investi-

gation. If the foregoing remarks should throw any faint glimmer
of light on the nature of the rocks at Cant Hill and Carlion, I trust

that they may be accepted rather as a slight addition which Sir Henry
He la Beche would have made to his own " Geological E-eport on

Cornwall," than as an attempt to correct the work of one of our old

masters.

EXPLANATION OF PLATE XII.

Fig. 1. Devitrifiecl basic lava, showing fluxion-structure and vesicles, A large-

proportion of this section consists of a clear, greenish-yellow to

brownish-yellow serpentine. The. opaque central band is probably

an altered spheralitie structure.

Cant Hill, near St. Minver, Cornwall ; east end, at top of hill.

Specimen no. 1, X50. Ordinary transmitted light.

2. Devitrified basic lava, showing portion of the original glass, slightly

altered, a fibrous structure being visible in it when seen between

crossed nicols. The extremely vesicular character of the glass is

shown in this drawing. The greenish granular matter in the upper
right-hand corner is probably epidote.

Cant Hill ; west end, at top of hill.

Specimen no. 3, X 50. Ordinary transmitted light.

3. Devitrified basic lava, showing porphyritic crystals of felspar, some of

which appear corroded, and numerous small vesicles filled with quarts

and serpentine.

Cant Hill ; east end, at top of hill.

Specimen no. 2, X 25. Ordinary transmitted light.

Discussion".

The President remarked on the characteristic treatment by the-

Author of a difficult subject. He had laid many sides of the question

before the Society with the greatest candour.

Mr. Teall remarked that the specimens from Cant Hill were

viz. andesite and porphyrite. In its i-elation to structure the latter term is>

preferable when a ground-mass exists.—F. E., June 28, 18(56.
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scMstose. He regarded the scliistosity as due, in all probability, to

the post-Carboniferous earth-movements, which had undoubtedly

produced great structural and mineralogical changes in the pre-

granitic rocks of the west of England. He called attention to the

fact that many of the so-called "greenstones" of Cornwall and
Devon which had been described by Messrs. AUport and Phillips

were similar to the proterobases and epidiorites of Giimbel, and to

rocks from the Hartz which had been shown by Lessen to be plagio-

clase-augite rocks in which the augite had been partially or wholly

changed to hornblende by contact- or regional (pressure-) metamor-
phism.

Mr. Cole agreed with the Author that these substances originally

contained glassy matter of a basic character, and remarked that

whilst the altered glass of the acid lavas had long been recognized,

we should have to look for the results of the alteration of the more
basic glass in these soft products of yellowish serpentinous matter.

The Author, in reply, said that there was in this case no direct

evidence of alteration from the proximity of granite, nor from the

action of shearing, and he showed that in a certain instance there

was no displacement of a vein. There had been a disturbance

producing a more or less vertical squeeze. He spoke of black a&

well as of the green alteration-products alluded to by Mr. Cole; the

former would result from the separation of magnetite from these-

basic glasses.
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34. The Bagshot Beds of the London Basin. By H. W. Monckton,

Esq., P.G.S., and E. S. Heeeies, Esq., B.A., P.G.S. (Read

June 9, 1886.)

Intboduction.

The following communication is intended as a supplement to a

paper read before the Society by one of the authors in 1883 (Quart.

Journ. Geol. Soc. vol. xxxix. p. 348), and the two together form an
amplification of an article on the same subject by Mr. W. H.
Herries (Geol. Mag. dec. ii. vol. viii. p. 171).

In our last paper we devoted our attention almost entirely to the

Upper and Middle Divisions of the Bagshot series. We now propose

to treat more fully of the Lower Division, and to show that the

occurrence of pebble-beds is by no means confined to one horizon

in the Bagshot series, as would seem to be supposed by some
observers.

In the interval much has been written about the geology of the

Bagshot district, no less than five papers by the Bev. A. Irving, and
one by Mr. Hudleston, having appeared*.

The views lately advanced by Mr. Irving are very much at

variance with the hitherto accepted interpretation of the geology of

this district, and to a great extent we find ourselves compelled to

difi'er from him. He considers (Quart. Journ. Geol. Soc. vol. xli.

pp. "506, 507) that the Upper and Middle Bagshot beds, in some
places, overlap the Lower Bagshot Beds, and rest directly on the

London Clay, which had been thrown into a slight syncline

previous to the deposition of the Lower Bagshot strata. He
founds his argument partly on the relative thicknesses of the

Lower Bagshot beds and the London Clay, as shown by weU-sections

at various points
;
partly on the existence of pebble-beds, which he

appears always to refer to a particular horizon ; and partly on the

presence of beds and seams of clay, which he likewise considers an

indication that the beds in which they occur belong to a defined

* The following are the papers referred to :

—

By the Rev. A. Irving, F.G.S.

1883. " On the Bagshot Strata of the London Basin." Proc. Geol.

Assoc, vol. viii. p. 143.

1883. " On the Bagshot Sands as a Source of Water Supply." Geol.

Mag. dec. ii. vol. x. p. 404.

188.5. " Water-Supply from the Bagshot and other Strata (2)." Geol.

Mag. dec. iii. vol. ii. p. 17.

1885. "General Section of the Bagshot Strata from Aldershot to

Wokingham." Quart. Journ. Geol. Soc. vol. xli. p. 492.

1885. " Excursions to Aldershot and Wokingham." Proc. Geol. Assoc,

vol. ix. p. 219.

By W. H. Hudleston, Esq., F.E.S., RG.S.
1886. " On a Recent Section through Walton Common exposing the

London Clay, Bagshot Beds, and Plateau Gravel." Quart. Journ.

Geol. Soc. vol. xlii. p. 147.
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position in the series. We shall, we believe, show that the premises

from which he draws his conclusions are incorrect.

The Ascot- Chertsey District.

In our previous papers we pointed out that the Middle Bagshot

of Bagshot Heath consists of a very well-marked and persistent

series of beds, the most important of which is a green sand, as a

rule containing casts of marine shells. Above and in this green-

sand bed are usually more or less irregular lines of flint pebbles, and

still higher we usually find the pebble-bed which marks the base of

the Upper Bagshot sands.

In the Ascot Railway-section described in our former papers,

these pebble-beds are seen undoubtedly in situ. Passing eastwards,

the Middle Bagshot Hills are frequently found to be capped with

masses of pebbles, and we feel no doubt that these are often the

remains of the Middle Bagshot pebble-beds, though in most instances

not in situ, but more or less re-arranged in post-Bagshot times.

This is well shown at the locality three quarters of a mile west of

Long Cross, which is referred to by Prof. Prestwich (Quart. Journ.

Geol. Soc. vol. iii. p. 389, note). There the green-sand bed is found

near the bottom of the hill, and is full of casts of shells ; above it is

a few feet of yellowish sand, and the hill is capped by a consider-

able mass of pebbles, obviously not in situ ; still further east,

near Chertsey, is St. Ann's Hill, on the north-eastern side of which

are two pits, which, owing to the kindness of the Lord of the Manor,

Mr. Bennett, we have been able to examine. The section in the

larger pit is published in vol. iv. of the ' Memoirs of the Geological

Survey' (p. 332). There is in the upper part of the pit a vast mass

of pebbles with green sands and clays mingled together in the most

curious manner ; and below and down to the bottom of the pit is a

considerable thickness of white and yellow sands. Pebbles also

occur in whitish sands low down in the pit ; but whether in situ

or not, it is difficult to determine.

The smaller pit is at a lower level than that of the clays and

green sands above mentioned ; at the east end of it are 20 or 30 feet

of fine yellow sands, with thin bands of white clay (which we believe

to be the ' pipe-clay ' of other observers) and iron-sand, and at the

west end yellow sands with irregular patches and non-continuous

lines of small pebbles.

The pebbles in the large pit sometimes form a conglomerate, in

which we have been fortunate enough to find several casts and im-

pressions of univalve shells, not, however, sufficiently perfect for

identification.

The whole of this hill is marked Lower Bagshot on the Geological

Survey map, and we admit that the yellow and white sands at the

bottom of the large pit and the whole of the small pit belong to that

division of the scries, but the fossiliferous pebble-beds and the green

sands are, we think, clearly of Middle Bagshot age, though we also

think it possible that considerable re-arrangement may have taken

place in post-Bagshot times.



404 MESSES. H. W. MONCKTOIf AI^D E. S. HEREIES

Whether some of the smaller pebble-beds are not of Lower
Bagshot age is a matter of some doubt ; but we are inclined to think

that at least one or two of the non-continuous lines and small

masses of pebbles in the smaller pit belong to that division of the

Bagshot Series.

Upon the Lower Bagshot Sand in this section we make the

following remarks :

—

{a) it is of a white and light yellow colour

;

(b) it contains thin seams of white clay (pipe-clay)
; (c) it has masses

of pebbles (Middle Bagshot) resting upon and running into the sand,

and probably contains one or more non-continuous pebble-beds of

Lower Bagshot age.

Now this is of considerable importance, as Mr. Irving sums up the

characteristics of the Lower Bagshot Beds in several well-sections

thus (Quart. Journ. Geol. Soc. vol. xli. p 496) :
—" (ii) There is an

absence of all record of pebble-beds in the Lower Bagshot. (iii) The
Lower Bagshot Beds are, in all the sections, characterized by the

predominance of quartz-sand, coloured green and grey by the presence

of organic matter of vegetable origin, (iv) There is an absence of

any record of seams of pipe-clay, which are met with frequently in

beds of the Middle Division."

About a mile and a half north-west of St. Ann's Hill, close to the

village of Stroude, there is a large sand-pit, of which the section is :

—

Section in a Sand-pit near Stroude, about a quarter of a mile

north of Virginia-Water Station.

ft. in.

1. Greyish sand without much sign of bedding 7
2. Fine white and yellow sands, false-bedded, with thin

lines of pipe-clay 9
3. Brown hard sand, of variable thickness, false-

bedded about 2 6
4. A line of flint pebbles 1

5. Yellow ferruginous sand, with thicker and more
persistent bands of pipe-clay and signs of wood. . . 4 6

This is mapped Lower Bagshot in the Survey Map and, we have

no doubt, rightly so. The similarity of the sands with pipe-clays to

the beds of that division at St. Ann's Hill, and to the other undoubted
instances of Lower Bagshots to which we shall refer, and the

absence of green sand are our chief reasons for this conclusion ; and

we may note that here we have a small Lower Bagshot pebble-bed.

Pebbles are recorded as occurring in the sands near this place in

.the Survey Memoir (vol. iv. p. 315).

Passing westwards we note the following section :—

Section in Brickfield at TitlccrJc's Farm.
ft. in.

1. Green sand, of very dark colour, clayey in places

about 6
2. Greyish sand and clay, finely laminated, with irony

layers and concretions.

3. And in another pit, on the opposite side of the

road, and at a lower level, white sand.

(Lower Bagshot.)
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The Nokth-west of Bagshot HE.vTn.

Still further westwards we come to an outlier of the Bagshot

Beds at Wick Hill, near Bracknell, mapped as Lower Bagshot on

the Geological map, but according to Mr. Irving consisting of Upper
nnd Middle Bagshot (Quart. Journ. Geol. Soc. vol. xli. p. 505 ; Proc.

Geol. Assoc, vol. ix. p. 223). This outlier is thus described in the

Survey Memoir (vol. iv. p. 316) :—" At Wick Hill, north of

Bracknell, the2)assage-hed (of the Lower Bagshot Sand) may be seen

resting on chocolate-coloured London Clay in a brickyard. Here
.there may be seen several layers of flint pebbles, six inches or so

thick, separated by layers of sand and pipe-clay." Other observers

(e. g. Professor E-upert Jones, in the discussion on Mr. Irving's paper,

Quart. Journ. Geol. Soc. vol. xli. p. 509) have stated that there is

an apparent unconformity between the Bagshot Beds and the London
Clay at this place.

As therefore this outlier has been the subject of such divergence

of opinion, we will record the result of our observations at some
length. At the top of Wick Hill, just below the last letter in that

name on the new one-inch map, there is a pit in yellowish, rather

coarse sand, in and upon which is a considerable mass of pebbles.

The surface has been rearranged, as is shown by the presence of

angular flints, but some five or six feet down the pebbles appear to

be in situ in the sand. Further north are two brickfields near the

edge of the outlier. That to the east shows about eight feet of

'

numerous contorted layers of yellow sand and pipe-clay, with nume-
rous irony concretions, and a small pebble-bed near the base, resting

on dark-coloured London Clay.

That to the west shows fine yellow sands, false-bedded, without

pipe-clay, resting on the London Clay ; and in the lane close by, at

a rather higher level, a pebble-bed occurs in the sands, but this

contains some angular flints, and has the appearance of having

been re-arranged.

When one of the authors visited these brickfields some years ago,

he thought he saw what looked like an unconformity between the

London Clay and the Bagshot Beds ; but this appearance is not now
to be observed, and was probably due to false-bedding. We are,

however, unable to agree with the Survey that there is here a

passage-bed between the two formations. Nor can we agree with

Mr. Irving that this outlier consists of Upper or Middle Bagshot

beds. The light and dark yellow sands, bands of pipe-clay, and
pebble-beds agree so well with the proved Lower Bagshot beds,

already or hereafter to be described, that we have no hesitation in

calling them Lower Bagshot, in the absence of any evidence to the

contrary ; but if there could be any doubt, the entire absence of the

green-sand bed which crops out at Caesar's Camp, Easthampstead, and

is no more seen north of that point, is to our minds quite conclusive.

We visited the railway-cutting at Bracknell, described by
Mr. Irving (Q. J. G. S. vol. xli. p. 505 ; Proc. Geol. Assoc, vol. ix.

p. 223), but found it much overgrown. The small section exposed
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shows about fifteen feet of yellow sands, with lines of clay, and a
small" pebble-bed near the base, resting on about six feet of yellow^

very clayey sand. The surface of the ground at the top of the

cutting is covered with rolled pebbles. Mr. Irving considers the

pebble-bed in the cutting to be the base of the Upper Bagshot, and
the loamy bed below to belong to the Middle Bagshot ; but a serious

objection to that hypothesis is that he has to place the surface

pebble-bed about fifteen feet above the base of the Upper Bagshot,

in which series the occurrence of pebbles is most unusual. If, on
the other hand, he were to place the upper pebble-bed at the base

of the Upper Bagshot, he would have over twenty feet of Middle*

Bagshot without green sand, which is also very uncommon. We
believe the whole cutting, so far as we have seen it, including the

lower pebble-bed, to belong to the Lower Bagshot ; and we do not

see that any satisfactory evidence has been given to prove that the

dark, black and green clay, of which four feet are said to be
exposed at the bottom of the cutting (bed "a" of Mr. Irving's

section), is not the London Clay, which occurs unmistakably in the

cutting on the opposite or west side of the station. If this be so,

the section would agree well with that described in the brickfield of

Wick Hill, and with the bottom beds of the Lower Bagshot as

observed in other places, as, for instance, Aldershot.

The pebble-bed at the top of Wick Hill, which is described as in

the Upper Bagshot by Mr. Irving, is about twenty-five feet above the

London Clay. It is not easy to say whether it is really a Bagshot
pebble-bed in situ or not ; but as we have shown that at St. Ann's
Hill the Lower Bagshot is found with masses of pebbles resting on
and running into it, the presence of this mass of pebbles is no suffi-

cient reason for saying that the underlying beds are not Lower
Bagshot. The small pebble-bed at a lower level must, if we are

right, be Lower Bagshot.

The so-called pebble- beds at the surface, both in the outlier and
the adjoining portions of the main mass of the Bagshot sands, are

proved by the presence of angular flints to have been re-arranged in

post-Bagshot times. This observation applies to the bed described

as a pebble-bed by Mr. Irving at Easthampstead Church (Proc. Geol.

Assoc, vol. ix. p. 223), for it contains numerous angular flints.

South-west of Bracknell we find the Middle Bagshot green sand

cropping out at several points between Caesar's Camp and Wel-
lington-College Station. It is seen on the South-Eastern liailway^

a little north of that place, and the section there was described

by one of the authors in 1883 (Q. J. G. S. -vol. xxxix. p. 351), since

which time it has been twice figured by Mr. Irving (Proc. Geol.

Assoc, vol. viii. p. 150 ; and Q. J. G. S. vol. xH. p. 498). We now
insert a continuation of our original figure, extending from the

station at Wellington College to the Mne-mile Bide, drawn to the

same scale as Mr. Irving's ; and a comparison of the two will

show that, though we agree with him as to the outcrop of the green

-

sand bed north of the station, we differ from him in our reading of

the country north of this point (fig. 1). According to Mr. Irving, a
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remarkable anticlinal again brings in the green-sand bed on the

north side of the valley, north of the station ; whereas we believe

that the Lower Middle and Lower Bagshot beds gradually come to

the surface, owing partly to a slight southerly dip, and partly to the

gradual fall of the ground. Mr. Irving does not contend that the

green sand may be seen at the surface north of this valley, but

relies upon a well-section on the Devil's Highway (Q. J. G. S. vol. xli.

p. 503). Unfortunately, however, we are unable to confirm his

description of that section. One of the authors visited the well (the

level of which is shown by the star c in figure 1) in March 1883 ; he

cannot remember whether the digging of the well was completed or

whether the bricking-up had begun ; in any case he did not descend,

but relied on the statements of the workmen and an inspection of a

heap of sand at the side. The following was the eijtry which he

made at the time in his note-book :

—

" Well at New Lodge,
feet.

Surface earth 2
Clay 5or6
Sand 20 or more.

»

" The sand is of a yellowish grey, very hard.—March, 1883."

The accuracy of this note is borne out by a new well, a little to

the north, at the star d in figure 1. The authors are of opinion

that the sands in these wells are not the Middle Bagshot green sand,

but that the clay at the top of the well c is the basement-bed of

the Middle Bagshot, and the sands and clays below are Lower
Bagshot.

We do not therefore admit the alleged anticlinal above referred

to, nor that the Upper Bagshots occur on the South-Eastern Kailway
north of the Wellington-College Station ; but we believe that the

Middle Bagshot rises at a very low angle to the north, which is borne
out by the sections at California and Upwick Hill, shown in fig. 2, the

top of which is at the level shown by the star c in fig. 1.

The Geological Surveyors and Mr. Irving assign beds 1 to 4 in fig. 2
to the Middle Bagshot, but we are inclined to place the beds 3 and
4 in the Lower Bagshot, as stated in our last paper (Q. J. G. S.

vol. xxxix. p. 350).

Our reasons shortly are the resemblance of bed 2 to the basement-

bed of the Middle Bagshot in other sections (Ascot and Goldsworthy

for instance), and the difficulty of separating the yellow sands of

bed 3 from those of bed 5, which latter we have no doubt are Lower
Bagshot. About one third of a mile north-east of this brickfield, and
at about the same level, there is a section at the California Rifle-

Butts, in yellow sand with a few seams of white clay ; it is of the

usual Lower Bagshot character, and the sands are precisely like

bed 5 at the brickfield.

We thus find the Middle Bagshot green sands and clays cropping

out along the side of the hill, and the Lower Bagshot coming to

the surface to the north ; and we see no reason why a similar
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arrangement of beds should not be found where the Middle Bagshots

crop out north of Wellington-College Station. Now referring again

to fig. 1, it will easily be seen that this must be the case unless we
admit Mr. Trving's anticlinal, against the existence of which we

Fig. 2.

—

Sections at Upvjiclc (or Wich) Hill and in the California

Briclcjleld, near Fincliampstead. (Scale, horizontal, 6 inches

to the mile ; vertical, 1 inch to 88 feet.)

250 feet

aboTe O.D.

200 feet

above O.D. . L.

The sections are too shallow for the dip to be seen; but we believe it to be

rerv slight.

The level of the gi'een sand in the section is shown by star c in fig. 1.

Middle f 1. Clays with green and white sand beds. About 11 feet.

Bagshot. \ 2. Dark blue and reddish clays. 3 feet 6 in.

J [
3. Yellow sand. 2 feet or more.

-p °^^, \ 4. Laminated sandy clay. 10 feet or more,
iiagsuot.

I ^ Yellow sand. The pit is 3 feet deep.

have already given our reasons. It will then follow that the sands

in the cutting south of the Nine-Mile Eide must be Lower Bagshot,

as mapped by the Survey, and not the upper part of the ^Fiddle

Bagshot, as Mr. Irving contends. Unless some good reason to the
contrary can be found, the beds still further north—that is to say,

those of the Wokingham outlier—must also be Lower Bagshot.

On the southern side of this outlier there is a section on the
South-Western Railway, near Tangley, where we find about 10 feet

of stratified yellow and white sands, rather ferruginous near the
bottom, with seams of pipe-clay and signs of wood. On lithological

grounds we have no hesitation in assigning this bed and the whole
outlier to the Lower Bagshot for reasons similar to those which we
have applied to the other localities.

At Hazeley Heath, near Hartley Row, the Middle Bagshot clays

are worked for bricks. Above the brick-works, at the highest part
of the heath, we saw a bed of rolled pebbles, about 4 inches thick,

just below, but quite distinct from, the overlying gravels. Below
the pebble-bed are yellow and grey sands, full of green grains, and
lower down are grey laminated clays, the whole section of Bagshot
beds exposed being not more than 3 feet in thickness. We traced
this pebble-bed for a distance of about 250 feet, as far as any
openings in the surface were to be seen.

2f 2
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The Aldeeshot District.

We now pass over to the Aldershot district, and here we admit

that at first sight the theory propounded by Mr. Irving appears

somewhat plausible.

The hill east of the South Camp, known as Thorn Hill, and on
which the Cemetery aud the Cambridge Hospital are situated, sends

out at its eastern end two spurs. On the N. E. spur a fort has been

constructed, and the trenches that have been dug have penetrated

through the capping of gravel to the loose yellow sands of Bagshot

age. These sands contain small irony concretions, like those de-

scribed (Geol. Mag. dec. ii. vol, viii. p. 171) as occurring in the Upper
Bagshot sands at Tunnel Hill. Here one ofus was fortunate enough
to find a bivalve shell, which established in our minds beyond doubt

that the sands belonged to the Upper Bagshot. In the S.E. spur,

just west of the Cemetery, there is a sand-pit showing a good section

of brown and yellow sands bedded in rather wavy lines, but not

false-bedded. There are no clay bands, but little white patches of

clayey sand. These beds show a decided dip rather north of east

—

that is, in the direction of the main mass of the Upper Bagshot as

exposed in the Fox Hills.

East of the Cemetery on the lower hill, just below the fort already

mentioned, and just west of the Commissariat Stores, a small opening

shows very finely banded white and brown sands, false-bedded,

with large ferruginous concretions containing wood in abundance.

The sands contain clay patches. Close by there is a mass of pebbles

in situ, imbedded in a greenish rather clayey sand. This bed is

about 3 feet thick, and is seen to overlie the sand bed. This pebble-

bed we attribute to the Middle Bagshot, and we think that though

the dark green sand beds do not appear, that is only for want of a

good section. The ferruginous concretions with wood are very cha-

racteristic of the Lower Bagshot Sands, but also occur in the Middle
;

and it would be difficult, from such a small exposure, to say to

which of those two divisions the false-bedded sands underlying the

pebbles should be referred. The surface of the ground between the

last described section and the base of the N.E. spur is covered with

pebbles, and we traced them all round the south side of the hill to

the Cambridge Hospital, but no further section of them is seen *,

though, judging from the way in which they cover the hill slope,

they must belong to a thickish bed. Just below the " C " in Cemetery,

in the new one-inch map, there is a small pit, a few feet below the

upper limit of the pebbles, showing yellow sands with irony concre-

tions, of Lower Bagshot type.

Crossing over the valley to Eedan Hill, we find an exposure behind

the Artillery Stores, of about 20 feet of false-bedded white sands,

with irony concretions containing wood. These sands are clearly

* The pebbles are exposed in two road-sections near the top of the hill west

of the Hospital, and the Middle Eagshot green-sand bed and underlying clays

are well shown in a section west of the FarnhamEoad in the western extension

of the same hill.
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Lower Bagshot. Ascending the north slope of Eedan Hill, the

ground is strewn with angular flints, washed down from the thick

capping of gravel above ; but we did not notice any of the rolled

pebbles which occur in such profusion on the side of the hill on the

opposite side of the valley, as already described. The inference is

that there is no pebble-bed here.

A very fine section is shown in a large sand-pit at the top of this

hill east of the railway. In one part of the pit there are 26 feet of

white and yellow sands, false-bedded, with thin seams of pipe-clay

and irony concretions containing wood. In another part, 10 or

12 feet of higher beds of the same character are exposed ; and these

are capped by contorted gravels. The beds appear to dip in an
easterly direction, but probably in reality rather north of east, as

those in Thorn Hill.

The adjoining railway-cutting through the hill, described by

Mr. Irving (Q. J. G. S. vol. xli. p. 501), shows similar sands, with

seams of pipe-clay occurring both near the top and about halfway

down. We found no marine fossils in the concretions, though we
made a careful search both in the cutting and in the sand-pit.

Wood, however, is abundant.

Mr. Irving describes the occurrence of pebbles in a stiff loam in

this cutting. We noticed a pebble or two in the sands near its

base, but nothing that could be construed into a pebble-bed. Mr.

Irving, however, considers the " pebble-bed " here to be the same as

that on the south slope of Thorn Hill, and all the yellow sands

above it to belong to the Upper Bagshot, and thereupon constructs

a diagram (loc. cit. p. 502) giving a southerly dip to the beds in Eedan
Hill, though he admits that the beds appear to dip to the east, but

draws the inference that the dip is south of east, from the '* occur-

rence of a line of pebbles at a level some 15 feet lower in a well-

section in the cemetery south-east of the cutting." This cemetery

(not that on Thorn Hill) occurs, according to the map, to the North-east

of the cutting, which would tend to support our belief that the true

dip is rather north of east. iN'ow if Mr. Irving is correct in con-

sidering that Thorn Hill and Eedan HiU are similar, he must
account for the fact that the sands which he considers Upper, and

which overlie his Eedan Hill " pebble-bed," contain pipe-clay seams

throughout, and especially well up in the sands. This fact is in

itself sufficient, in our opinion, to prove that the sands belong to

the Lower and not to the Upper series ; when, added to this, we
have the presence of false-bedding, and the absence of all fossil

remains except wood, we think there can be no doubt on the point.

At first sight, it looks as if the two hills, from their position,

must be the same ; but when we consider the ascertained dip at

Thorn Hill and the probable dip at Eedan Hill, and their proximity

to the sharply tilted beds of the Hog's Back (see the figure p. 376, of

vol. iv. of the Survey Memoirs), there is no reason for surprise at the

fact that the whole of the beds at Eedan Hill underlie the pebble-

bed of Thorn Hill and belong to the Lower Bagshot. Thorn Hill,

therefore, we believe to be composed of a base of Lower Bagshot,
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then Middle Bagshot, and above that Upper Bagshot sands with
a capping of gravel ; and Eedan Hill and the valley between the
two we believe to be wholly Lower Bagshot, except for the cap of

gravel already alluded to.

The annexed diagram (fig. 3) represents our reading.

Fig. 8.

—

Section across the Valley of Aldershot Town.
(Not drawn to scale.)

s.s.w.
Eedan Hill.

N.N.E.
Thorn Hill.

1. Gravel (angular flints).

2. Upper Bagshot (sands).

3. Middle Bagshot (rolled pebbles).

4. Lower Bagshot (false-bedded sands).

5. London Clay.

If we have established this, the section in the brickfield on the

south side of the town, west of the railway, described by Mr. Irving

(loc. cit. p. 501) is easily explained. Here the junction of the

London Clay and overlying Bagshots is exposed. The Bagshot beds

consist of about 14 feet of yellow and brownish-yellow sands, with

numerous seams of pipe-clay and many ferruginous concretions,

which are especially large and numerous near the base, and they

rest on dark-blue London Clay.

Here we find no pebbles or green sand, and the beds are apparently

horizontal; and on the whole there does not seem to us any
sufficient ground for saying that there is an unconformity.

Mr. Irving contends that the Bagshot beds here belong to the

Middle series, and correspond to the loamy beds with pebbles

described by him as occurring at the base of the Hedan-Hill cutting.

We agree that they are on about the horizon of the beds at the base

of that cutting, which, owing to the thickness of the overlying

sands, must be nearly at the base of the Bagshots ; and we therefore

consider them to be the lowest beds of the Lower Bagshot *. The
loamy bed of Eedan Hill is probably, like the beds in the brickfield,

* {Note, July 21).—Since this paper has been in the press, we have found

that there is a sand-pit in the side of the hill above the brickfield which con-

firms this view. It is an ahnost exact repetition of the sand-pit in Eedan
Hill—20 or 30 feet of false-bedded reddish and white sands with pipe-clay

seams and ferruginous partings.
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an interstratified series of sand and seams of pipe-clay, such as is

frequently found near the base of the Lower Bagshot, as at Wick
Hill, Bracknell, and at Tangley cutting already described ; and if

there is a pebble-bed, it is one of the irregular lines of pebbles,

instances of which we have shown to occur in the Lower Bagshot.

We therefore contend that there is no evidence here to show any

overlap of the Lower Bagshot by the Middle and Upper beds of the

series.

The Ash—W^oking District.

The sands at the Ash-Church station on the ISouth-Eastern

Eailway are undoubtedly Lower Bagshot. The pebbles of the Upper
Bagshot pebble-bed are seen in considerable numbers capping the

hill to the north-west (not in situ), and the green-sand bed crops out

along the base of the Fox Hills at a considerably higher level than

the station.

Formerly it was well seen in a brickfield which is now disused ;

it was underlain by clays, which are still shown in another brick-

field, rather to the east, at the side of the road close to the figures

" 240 " on the new one-inch map.
That the clay here is the basement-bed of the Middle Bagshot is

proved by a small sand-pit at the roadside close to this last-

mentioned brickfield ; and all possible doubt as to the sands at Ash
Church being Lower Bagshot is removed by a roadside cutting in a
lane leading from the brickfield to East Wyke Farm, where the

Lower Bagshot Sands are seen dipping towards the brickfield and
Fox HiUs.

Roadside section near East Wy]i:e Farm, Ash.
ft. in.

1. Whitish false-bedded sand 1 10
2. Yellow sand and white clay, laminated 1 10
3. Grrey and yellow mottled sand, a few concretions 10
4. Dark yellow iron-sand 10
5. Yellowisli sand with several laminae of whitish clay 3 9
6. False-bedded white sands with black grains 5 5
Dip about 3° rather E. of N.

The occurrence of the green sands of the Middle Bagshot at

Worplesdon is recorded in the Memoirs of the Geological Survey
(vol. iv. p. 333) ; and in a road-cutting near the church the base-

ment-bed of the Middle Bagshot, consisting of grey laminated clay,

may still be seen, and below it are yellow sands, obviously Lower
Bagshot. Further east the yellow and white false-bedded sands of

Pitch Place and Worplesdon Station (which are at a lower level)

are undoubtedly Lower Bagshot.

Between W^orplesdon and Pirbright abundance of rolled pebbles

occur on the surface. At Ellis Place, 1| mile south of the Woking
convict-prison, the junction of the Middle and Lower Bagshot is

again seen in a road- cutting. The Middle Bagshot consists of

white clays, with small pipes of green sand ; the Lower of fine

whitish-yellow sand.
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The Goldsworthy-Hill railway-cutting is well known (see Prestwicb,

Q. J. Ct. S. vol. iii. p. 382). Close by, a little south of the railway,

a road-cutting shows a good section of the junction between the

Middle and Lower Bagshots.

ft. in.

1. Green sand (Middle Bagsbot) 5
2. Saudy clay, weathering wbite, about 4
3. Reddish and grey clay, becoming hardened by exposure,

containing concretions and stalk-like vegetable impres-
sions, about 12

4. Reddish clay, very well-marked bed, forming the base of the
Middle Bagshot , 9

5. Light-yellow sands (Lower Bagshot), more than 18

The bedding is apparently conformable throughout; but the

line of division between beds 4 and 5 is very distinct.

The new section on the South-Western Railway between Walton
and Weybridge stations has been too fully described by Mr. Hudles-
ton (Q. J. G. S. vol. xlii. p. 147) to require more than brief notice

;

and therefore, while reserving any opinion as to the evidence of

unconformity between the Bagshots and the London Clay, we will

only observe :

—

1st. That the Bagshot beds there exposed are undoubtedly Lower
Bagshot, as the Middle Bagshot green sand appears high up in St.

George's Hill close at hand (loc. cit. p. 170, fig. 8).

2nd. That the Lower Bagshot sands contain :

—

{a) Laminae of clay, and at one point a thick bed of laminated

clay (the " Blue Bagshots ").

(&) At the base beds of rather coarse sand, remarkably free from

ochreous or other investment (loc. cit. p. 161).

(c) A few green grains, but nothing which could be termed a bed

of green sand.

{d) Numerous woody fragments, at least in one place.

Concluding Remarks.

We think that the evidence adduced in this and in our two
former papers, already referred to (Geol. Mag. dec. ii. vol. viii.

p. 171, and Quart. Journ. Geol. Soc. vol. xxxix. p. 348), warrant us

in drawing the following conclusions.

1. Pebble-heds.

a. In the Upper Bagshot Sand pebbles are very rare, though
there is an instance of their occurrence in the highly fossiliferous

bed at Tunnel Hill (Quart. Journ. Geol. Soc. vol. xxxix. p. 352).

h. At the base of the Upper Bagshot Sand a continuous pebble-

bed is usually, if not always, found.

c. In the Middle Bagshots small pebble-beds occasionally occur.

d. In the Lower Bagshot Beds there are a few small and very

irregular lines of pebbles at different horizons. (Instances at

Virginia W^ater and Bracknell are noted.)
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e. Besides these pebble-beds, large very irregular masses of pebbles

occur occasionally in the Middle and Lower Bagshot Beds at or

near the surface, possibly more or less reconstructed.

2. The Upper Bar/sliot Sands contain few, if any, clay bands, are

not, as a rule, false-bedded, and have a great abundance of irony

concretions, which often either are, or contain, casts of marine

shells.

3. The Middle Bagshot Series is characterized by green sands and

clays. The former frequently contain Bracklesham shells, and they

do not lose their green colour by weathering, even when exposed

for a considerable length of time, as, for instance, at Goldsworthy

HiU.
4. The Lower Bagshot Beds are, as a rule, false-bedded. They

frequently contain seams of pipe-clay, and sometimes thicker beds

of clay occur. There are numerous irony concretions ; but, unlike

the Upper Bagshot, marine shells are rarely, if ever, found, though
wood is common. They never when exposed contain dark green-

sand beds, though beds of green sand attributed to this series have

been described in well-sections.

With regard to the fossils which are found in the Bagshot beds,

Mr. Irving makes the following observations, which we think require

explanation. He says (Quart. Journ. Geol. Soc. vol. xli. p. 508)
" this is borne out by the numerous casts of diminutive forms of a

saltwater fauna which are met with in the buff-yellow sands of the

Upper Bagshot, at horizons not far above the pebble-bed at the

base," and (same page) "The difficulty in the way of the theory

suggested in this paper arising from the presence of marine shells,

(e. g. at Yateley) in the Middle Bagshot beds, may be perhaps

removed if we recollect that (1) they occur very locally
; (2) they

are, as a rule, much broken, worn, and even comminuted
; (3)

they appear to be confined to the coarser sediments of the Middle

Bagshot beds."

In our experience the Upper Bagshot fossils are of the size usual

in Barton beds, and not confined to any particular horizon, but the

best-preserved specimens are found high up in the series.

The Middle Bagshot fossils are usually present wherever the green-

sand bed occurs ; they are not, as a rule, broken or comminuted,

but entire, the valves of the bivalves being generally united, and

any breakage that may be apparent being the result of pressure after

deposition.

Now, if geologists, adopting the theory of Mr. Irving, assign

much of what has hitherto been recognized as Lower Bagshot to

the Upper Division, they will have to deny the truth of many of

these conclusions, which, in the face of the evidence which we have

brought forward, we do not think they will feel themselves war-

ranted in doing. They will have to account for the absence of

green sand where it ought to occur, for the presence of false-

bedding and pipe- clay where we should not expect to find them,

and for the absence of fossils at horizons at which they may usually

be discovered. They have also to account for the peculiar ground-
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plan presented by the beds on the overlap theory. It cannot be
denied that the Middle Bagshot beds make their appearance at the

surface all round the central mass of the Upper Bagshots ; and
then around this, according to the proposed reading, is an outlying

ring of Upper Bagshots, a kind of Saturn's Eing to the central planet,

as represented by the Eox Hills, Chobham Hidges, and Easthamp-
stead Plain. This may seem to be putting the case rather too

strongly ; but we think that whatever it is, Upper, Middle, or Lower,
this outer ring mapped by the Survey as Lower and in part claimed

by Mr. Irving as Middle and Upper, must all go together, at least

along the north and south of the main mass. Such a feature as

would thus be presented must be admitted to be most unusual. Then,

again, the overlap theory requires the London Clay to have as-

sumed a basin-shape before the deposition of the Bagshot series

upon it ; and this would require a considerable interval of time, so

much perhaps as to give support (were it not for fossil evidence) to

the old theory alluded to by Professor Prestwich (Quart. Journ.

Geol. Soc. vol. iii. p. 380), that the beds in question correspond in

age with the Crag of the Eastern Counties.

But the authors, though they think that the evidence, such as it

is, goes to show that the Lower Bagshot does not rest conformably

on the London Clay, yet consider that there is a general uniformity

in the lie of the beds,—that the interval in time between the

deposition of the London Clay and the Lower Bagshot was not, by
comparison, considerable,—and that the same earth-movements

which gave a basin-shape to the London Clay had a precisely

similar effect on the overlying Bagshot Series.

Stress has been laid on the fact that no pebble-beds have been

recorded in the Lower Bagshots in well-sections ; but unless their

insignificance has caused them to be overlooked, their absence is but

a further proof of the irregularity of their occurrence.

With regard to the relative thickness of the beds at various points,

we can only say that measurements obtained from well-sections alone

should not be accepted too readily, and we can hardly expect to find

that the beds would retain the same thickness throughout an area

so large as that under discussion.

We think we have now said enough to fulfil the objects of this paper

viz. :—to give additional details of the Lower Bagshot beds of the

area of Bagshot Heath, and to defend, we hope successfully, the

interpretation of the succession of beds in this district, originally

suggested by Professor Prestwich, and adopted and confirmed by
the Geological Survey, from the vigorous attack recently made on it.

And, in conclusion, we claim to have proved that the Lower
Bagshot is not overlapped by the Upper and Middle portions of the

series, and that the Bagshot strata do, as a whole, lie in a synclinal

curve.
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Discussion.

The President said that a series of new correlations like those

suggested by Mr. Irving could hardly be accepted without a re-

examination such as that made by the Authors.

Mr. Gardner said that any one familiar with the lithology could,

in most cases, make a distinction between the different members of

the Bagshot series ; the fauna constitutes a distinction between the

Upper and Middle beds, but as regards the Lower beds this fails us.

Mr. Htjdleston observed that, so far as the Walton-Weybridge
section was concerned, it confirmed Mr. Irving's views as to the

absence of pebbles in the Lower Bagshots. There might be an
overlap on the north and south flanks of the basin, without such a

feature elsewhere.

Mr. MoNCKTON, in reply, said that the Authors had been much
interested in Mr. Irving's theory, and had determined to test it for

themselves ; the results were unfavourable to his views. In reply

to Mr. Hudleston, he stated the existence of a pebble-bed in the

Lower Bagshot of 8t. Ann's Hill, but not continuous. Finally he
insisted tliat numerous sections, described or referred to in the

paper, at Bracknell and elsewhere were unfavourable to Mr. Irving's

views.
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35. YoLCANic Rocks of the JN'orth-east of Fife. By James Dur-

ham, Esq., E.G.S. With an Appendix, by Prof. J. "W. Judd,

F.E.S., Pres. G.S. (Eead June 9, 1886.)

[Plate XIII.]

Those who are acquainted with the more salient features of the

geology of the great central valley of Scotland are aware that the

broad band of Old Red Sandstone which extends from the base of

the Grampians about twenty-five miles to the south-east is intersected

by belts of volcanic rocks in lines, running from north-east to south-

west, nearly coinciding with the strike of the beds. Of these

volcanic belts by far the most extensive is that which forms the

Pig. 1.

—

Sketch Map of the Country round Newport^ Fife.
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A-B. Line of section, fig. 2.

a, b. Quarries in andesite rock.

* Dacite-glass in breccia.

southern boundary of the Lower Old Eed Sandstone in this part of

Scotland, and crosses the country almost uninterruptedly from sea

to sea. It comprises some important ranges of hills, of which the

Ochil range is the most conspicuous.
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The north-east extremity of this great belt of volcanic rocks

reaches the North Sea at the south side of the Pirth of Tay, and

forms, with certain interruptions, the southern shore of the estuary

for some 18 or 20 miles ; it here varies from five to ten miles in

width, and on its south-eastern edge is in contact with the Upper

Old Eed and Carboniferous rocks. It seems probable that the line

of contact is a line of fault.

As may be supposed, the long line of shore in the Firth of Tay
furnishes the most convenient section for studying the rocks which
compose this igneous belt. Not only are such sections formed by
the recent action of the waves of the Firth, but the cliffs of raised

sea-beaches in some parts rise one behind the other to the height

of two hundred or two hundred and fifty feet, and in many instances

these raised clifi's afford sections nearly as good as those presented

by the cliffs of the present sea-shore.

In most of the sections these rocks are, at first sight, very dis-

couraging to the student—weathered to one universal dull grey^

greatly altered, crushed and faulted, with patches of tuff, breccias, or

amygdaloid insensibly passing into what appears solid lava, and solid

lava in the same manner passing into apparently sedimentary rocks,

no relation or succession can be easil}- recognized among them.

It is therefore not surprising that even able geologists of the last

generation simply contented themselves by calling these rocks
'^ trap," and so passed them by without further notice.

In this apparent chaos, however, observation enables us to

recognize the remains of order and arrangement.

In the first place, it is evident that by far the most prevalent

rock is altered andesite (porphyrite). So far as I have been able to

observe, this rock was erupted from the earliest isolated volcanos of

the Lower Old-Eed-Sandstone lake, and continued until the great

chain of volcanos, which formed the broad belt of volcanic rocks

referred to, had reached their maximum elevation. Of the vast

mass of lava and other ejecta thrown out from these volcanos only

the most insignificant ruins remain to us.

The altered andesite is well exhibited in two quarries, about a mile

to the south-east of Newport (fig. 1, «, h) ; both of these quarries have
been worked for a long time for building-stones and road " metal,'" so

that they are cut well back into the hill-side. The uppermost of

these quarries (Causewaj^head) has all the appearance of a volcanic
" neck," while the lower one (Northfield) is formed of flattened

columns considerably bent, so that in Causewaj'head quarry we
have probably the vent of an andesite volcano, while that of North-
field is cut into a great lava-stream. The rocks of both quarries are

very similar in general aspect, only that of Causewayhead is more
crystalline than the rock of Northfield, as would be expected if the

supposition as to their mode of origin be correct.

The next most prevalent rock is a highly altered basalt (mela-

phyre). The basalt is found almost entirely in the form of dykes
and bosses protruding through the andesite, and is consequently

more recent than that rock. These basaltic dykes are very numerous
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and would seem to indicate extensive eruptions : but the lavas of

that period being superimposed upon the andesite have for the most
part been removed by denudation, leaving only the channels through

which they flowed to the surface as monuments of their activity,

though some of the tuffs seem to belong to the melaphyre eruptions.

The highly altered basalt dykes do not, as a rule, resist denudation

so well as the andesites, and are consequently often represented by
trenches in these rocks, the instances in which they form walls

being generally the denuded remains of very broad dykes, of which
only portions remain, projecting from the hollows. An interesting

example of this is to be seen in the picturesque Grhoul's Den,
situated about five miles south-west of Newport, which, seen from

below, consists of a high mass of rock, on one side of which a burn
has cut its way to a great depth, and leaps down the chasm in little

•cascades ; on the other side of the ridge of rock the ground slopes

more gently. The central mass of rock is the remains of a broad

dyke of altered basalt, the denudation of which has formed on the

one side the rugged miniature glen of the stream, and on the other

a more gentle hollow, while the whole is surrounded by the pre-

vailing andesite.

Much less frequently met with than the andesites and basalts,

though, when present, very conspicuous on account of its light yellow

or red colour, is felstone ; it also is found only in dykes and bosses,

and although—as it contrasts very strikingly with the black and
dark brown of the andesite and basalt—it is readily recognized when
present, I have never found any trace of it among the breccias

&c. associated with these rocks.

It is quite clear that the basalt (melaphyre) and the felstone are

more recent than the andesite (porphyrite), as these rocks can be

seen cutting through the last ; but I have been unable to find any

direct evidence as to whether the basalt or the felstone came first.

So far as I can find or learn, there is no instance in this part of

the country of felstone cutting through basalt, or basalt through

felstone ; but as the succession of the volcanic eruptions among the

Palceozoic rocks of other parts of the country shows that the acid

rocks succeeded the andesite, and were followed by the basalts, it is

perhaps safe, in the absence of evideoce to the contrary, to assume

a similar succession in this district.

As may be supposed, the aspect of miles of rock exposed in the

clifi's of the shore, of dark basalt cutting through darker andesite,

with occasional patches of associated tuffs or breccias, is a very

monotonous one ; this monotony is, however, agreeably relieved by

a somewhat interesting section, which extends from below the farm-

house of Scroggieside, about two miles west of Newport, Pife, to the

fishing-station of Jock's Hole, about two miles further to the west-

ward.

At the extreme west end of the section is a great mass of felstone

extending some two hundred yards along the beach.

To the eastward of the felstone, beds of sandstone, composed of

quartz-grains mingled with volcanic ashy material, and in some parts
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consisting entirely of volcanic ash, finely stratified, extend along

the beach some five or six hundred yards. These sandstones are

much altered, and in some instances overlain by altered andesite,

into which the sandstones seem to pass insensibly. In proximity to

the felstone the sandstones and andesites are greatly altered, both

in texture and colour, the dark grey sandstones and nearly black

andesite being changed into a rock almost undistinguishable in hand
specimens from the yellow sandstone of the Lower Carboniferous

rocks. As the distance from the felstone increases, the rocks, both
sedimentary and volcanic, gradually assume their natural colours.

Further to the eastward the sandstones gradually lose their cha-

racteristic appearance, and seem to pass almost imperceptibly into

the altered andesites and basalts until they are entirely replaced

by these rocks, which continue along the shore until interrupted

by a remarkable gap in the otherwise continuous wall of rock which
guards the Eirth. This gap is on the shore of Wormit Bay, from
side to side of which no solid rock whatever is met with. Back-
ward from the shores of the bay, the hills are replaced by a great

series of " kames " and gravel-terraces, which extend through the

gap some four or five miles to the south, where the opening joins

the flat plain of the valley of the Eden, which is on the Upper
Old Eed Sandstone.

The proximity of these younger beds to the gap in the volcanic

rocks suggests as an explanation of it, that the rock underlying the
" kames " is probably a continuation of the Upper Old Red of

central Fife, let down by faults into its present position. This

faulting down of the Upper into the Lower Old Red beds is a

familiar phenomenon in the neighbourhood. In Forfarshire and
Perthshire, on the other side of the Firth of Tay, several examples

occur of isolated patches of the upper series being let down into the

lower, while faults along the face of the Braes of Gowrie on the

north side of the firth, and on the Fife shore opposite, have thrown
the Upper down to a much lower horizon than the volcanic rocks of

the Lower Old Eed. Indeed it seems probable that all the Upper
Old Eed Sandstone remaining has been preserved by being faulted

down relatively to the Lower.

To the eastward of Wormit Bay, the altered andesites &c. extend

along the shore for a short distance, until at a point a little to the

west of the Tay Bridge they are interrupted by a fault, which brings

down among them a very different class of rocks from any found else-

where in this district. About half a mile to the eastward, another

fault abruptly terminates this exceedingly interesting series of

rocks.

The fault which forms the eastward boundary of these rocks is

just under the farm-house of Scroggieside. To the westward of

this fault the andesites and basalts are re]3laced by a conglomerate

of weU-rounded volcanic stones, which are waterworn fragments of

highly altered andesite. The matrix of this conglomerate is formed

of a consolidated sand of the same rock, so that the general aspect

of this part of the section is very dark, but here and there angular
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pieces of a bright red rock, closel)- resembling some rhyolites,

are conspicuous among the darker stones ; this reddish rock is

pronounced by Professor Judd to be a quartz-andesite (dacite).

Though some of the fragments of this rock are more rounded than

others, still, as compared with the water-worn boulders which form by
far the greater part of the conglomerate, they are remarkably angular.

I have not been able to find any trace of the dacite either to the

eastward of the fault at Scroggieside, or to the westward of that

near the Tay Bridge.

To the west of the conglomerate, with possibly a slight fault

between (the nature of the ground making it difficult to determine the

point), is a breccia extending about two hundred yards along the

shore ; it is almost entirely composed of dacite, the included blocks

varying in size from minute fragments scarcely visible to the naked
eye, up to great masses, some of which must weigh several tons, a

large proportion of them being from two to three feet in diameter.

All the pieces of dacite, of whatever size, are sharply angular, just

as they must have been when freshly broken off the parent rock.

The matrix of the breccia consists of minute fragments of very dif-

ferent volcanic rocks ; among these the dacite is readily recognizable

by its bright colour, contrasting with the pale green of the other

constituents. These minute fragments are seen with the aid of a

lens to be as sharply angular as the great blocks.

Another notable feature of these dacite blocks is that almost all

of them contain hollows or cavities, some of these being very large

in proportion to the size of the block.

An examination of these hollows shows that in most of them
traces, and in some instances considerable quantities, of a white

powder are present. The origin and nature of this white powder is

not at first very apparent, as it is clearly not derived from the

decay of the dacite, the sides of the cavities being hard and sharp.

Some years ago a full explanation of the phenomenon was
afforded by the abnormal action of the tidal currents, probably aided

by a storm which laid bare a part of the rock on the plane of the

beach, which is usually buried under gravel and fallen fragments of

rock from the overhanging cliff. This exposed a very large block

of dacite some six or eight feet in diameter. In the block was a large

horizontal cavity some five feet across ; round the sides of the cavity

was seen the usual white powder, but the greater part of it was
occupied by a glassy rock, bearing a very close resemblance to the

pitchstone-porphyry of the Hebrides, a rock which one is scarcely

prepared to find among the ruins of the Lower Old-Red-Sandstone

volcanos. However, all the tests that could be applied to it went
to show that it was an acid glass, in many ways related to pitch-

stone-porphyry. To set doubts at rest, specimens of it were sent

to Professor Judd, who kindly submitted it to a rigorous examination

and pronounced it to be a quartz-andesite- (dacite-) glass.

Close to the block containing the dacite-glass- a very similar mass
forms part of the face of the cliff. In it a hollow, opening vertically,

contains a very large quantity of the white powder. On removing

Q.J.G.S. No. 167. 2g
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the fine dust from the top of the contents of the cavity, the central

mass, though pure white, is found to be identical in form with the

dacite glass in the neighbouring block, but it crumbles into powder
shortly after being lifted out. This ^Droves, if proof were necessary,

that the white powder is just the last stage of decay of the glassy

rock, and that we must therefore conclude that at one time all the

cavities in the dacite containing it were filled with the glass.

About two hundred yards behind the dacite-breccia, a railway-

cutting exposes a large section of altered basalt (melaphyre). This

section is peculiar as showing the basalt in a much more massive

form than is to be seen anywhere else in this part of the country

;

it seems neither to be a dyke nor a volcanic " neck," but is more
like part of a great lava-fiow. This view receives valuable support

from Professor Judd's microscopical examination of two specimens

taken from this section ; one of these proves to be a " porphyritic

melaphyre " (altered basalt), and the other '' either a volcanic breccia

or the vesicular portion of a lava-stream which has caught up
fragments of other lavas," in either case indicating a subaerial

eruption.

On the beach immediately to the west of the dacite-breccias, a mass

of rock, similar to that exposed in the railway-cutting, forms part

of the cliff. Between this mass of basalt and the fault to the west-

ward of the Tay Bridge, the cliff is formed of a series of well-stratified

beds of similar mineral constituents to those of the dacite-breccia.

In these beds the large constituents of the breccia are represented

by microscopic fragments which, having been deposited in the waters

of the Old-lied-Sandstone sea, form sandstones almost entirely com-
posed of comminuted dacite and volcanic ash. Some of these beds

would seem to indicate that these volcanic materials had been de-

posited in comparatively shallow water, as the well-stratified beds

frequently pass up into others that have little or no trace of strati-

fication. The dip oi' these beds is well marked, and is, as might be

expected, the usual south-east dip of the Old Red Sandstone on this

side of the great anticlinal.

Taking into consideration the presence of altered basalt, both in

the railway-cutting immediately to the south of the breccia, and
between it and the related stratified beds to the westward, as well

as the fact that all the fragments of andesite, of whatever size, are

sharply angular, I think we are justified in coming to the conclusion

that, between the faults at Scroggieside and Tay Bridge, we have the

remains of a basaltic eruption in the immediate proximity, if not

actually at the spot itself. This volcano had burst through the quartz-

andesite lava of the earlier eruption, and blown fragments of it far

and near all over the land and into the neighbouring sea, where
some of the larger pieces got mixed up with the shingle of the shore

and the finer materials were stratified beneath its waters, the huge
masses of the breccia being deposited on the land in close proximity

to the crater. Like some of the recent volcanos of the Eifel, little

else than pieces of the rock through which it burst seems to have

been ejected by it.
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We undoubtedly owe the preservation of these interesting rocks

to their having been let down by faults among the underlying

andesites, they having been thereby protected from the action

of denudation, which has so completely removed the younger rocks

from the rest of the district.

Erom the foregoing it will be seen that in this coast-section of

about two miles, from Jock's Hole to Scroggieside, we have ex-

amples of the lavas of the three great eruptions of the Old-Red-

JSandstone volcanos, with specimens of the various materials ejected

from some of them, ranging from the great blocks of the breccia to

the hne ashy dust of some of the stratihed beds ; the section, there-

fore, is of considerable interest, but perhaps the most remarkable

feature of it is the ancient volcanic glass lying in the hollows of the

dacite lava.

APPENDIX.

By Prof. John W. Judd, E.R.iS., Pres. G.S.

Although the particular section described by Mr. Durham has not

been examined by me, I have had considerable opportunities of

making myself acquainted with the general characters and relations of

the igneous rocks of the district where it is exposed. In the year 1876,

I spent some months in examining the volcanic rocks of Angus and
Fife, under the guidance of the late Sir Charles Lyell, who had such

an intimate acquaintance with the geology of the district ; and
the general conclusions at which I arrived * with regard to the rela-

tions and ages of the different types of igneous rocks in that area

correspond very closely with the views which Mr. Durham has

enunciated in the foregoing paper.

Among the rocks which Mr. Durham has from time to time sent

me for determination, there are several which, from the remarkable

state of their preservation and the light which they seem to throw
upon some very important petrological problems, appear to me to be

worthy of detailed description. I am greatly indebted to the author

of the paper, not only for the loan of his own collection of rock-

sections, but for the readiness with which he has supplied me with

ample materials for further study. Three of the ro'cks referred to in

this paper are particularly interesting in their characters, and may
be regarded as noteworthy additions to British petrography.

The remarkably fresh rock of Northfield (see Plate XIII. fig. 1)

has a specific gravity of 2*68. It is a very typical pyroxene-andesite,

with a large amount of glassy base ; through this base, microlites

of triclinic felspar are scattered in great profusion, with granules

of pyroxene, the whole forming a felt of microlites (MicroUtJienJllz),

By the use of high powers, it is seen that the abundant glass be-

tween the microlites is filled with globulites, trichites, and belonites.

There are no porphyritic crystals of felspar in this rock, but

* See Quart. Journ. Geol. Soc. vol. xxxi. (1875) pp. 141-2.

2g2
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large crystals of a nearly colourless pyroxene are scattered some-
what sparingly through it. These are certainly, for the most part,

monoclinic (augite), though some more decomposed crystals certainly

belong to the rhombic pyroxene (enstatite). As a rule, however, the

specimens of this rock show only the most incipient stages of altera-

tion, the glass and micrelites of the ground-mass exhibiting no sign of

change, and many of the porphyritic crystals being as fresh as in a

recent lava. Nevertheless, this rock is certainly not of more recent

geological age than the Carboniferous, and in all probability it must
be referred to the Lower Old Hed Sandstone ! As the augite pre-

ponderates so greatly over the enstatite, we may call it an augite-

andesite.

It is an interesting circumstance that the porphyritic crystals of

the Northfield rock seldom occur singly, but in groups. In some
cases (see Plate XIII. fig. 1) we find aggregates of augite and en-

statite crystals with traces of what appears to be decomposed felspar

between them.

The rock of Causewayhead (see Plate XIII. fig. 2), as pointed

out by Mr. Durham, is of more highly crystalline type than that of

]N'orthfield ; indeed a glassy base is almost wanting in it, though

the felspars are usually very imperfectly individualized ; it has a

specific gravity of 2'79. The rock is seen, under the microscope, to

be an aggregate of large microlites of triclinic felspar and pyroxene,

with some grains of magnetite. The felspar, from its extinction-

angles, appears to be near to andesine in composition, and some of

the larger and better-defined crystals exhibit the zoning so common
in the andesitic type of rocks. The felspars contain enclosures of

apatite and other minerals.

The pyroxene of this rock sometimes occurs in well-formed pris-

matic crystals, but there is every gradation from these down to

rounded and irregular granules. Although very pale-coloured, the

crystals usually exhibit a distinct, though feeble, pleochroism,

the tints being those which are characteristic of bronzite or the

slightly ferriferous enstatite—a and j3 brownish yellow, y pale green.

The intensity of this pleochroism, however, appears to vary in

different crystals. The great majority of these pyroxene-crystals

give the extinction characteristic of a rhombic mineral ; but I was
unable to obtain sufficiently good basal sections to enable me to

determine their interference-figures in convergent polarized light.

A very striking feature of these pyroxene-crystals is the series of

striations and clefts parallel to the base of the prism, which Eosen-

busch has so well pointed out as being characteristic of the rhombic
pyroxenes*. Although a small portion of the pyroxene in this

rock is probably monoclinic—and the mixture of augite and ensta-

tite is a common feature in rocks of this class—yet the great

majority of the crystals are certainly rhombic. The rock may
therefore be classed as an " enstatite-andesite."

The only important accessory ingredient in the rock is biotite.

There are no porphyritic crystals of any kind in the rock, but aggre-

* Mikroskopische Physiographie, 2nd ed. (1885), p. 393.
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gations of pyroxene and magnetite occur scattered throuj^li the mass

(see Plate XIII. fig. 4), so as to cause the rock to approach the

structure which I have described under the name of '• glomero-

porphyritic " *. It is worthy of notice that where decomposition has

commenced in the rock, the enstatite and magnetite crystals in these

aggregations are always the first to exhibit the signs of change.

Although both of these rocks have the general aspect of basalts,

yet, as olivine is absent from then, I follow the great majority of

continental petrographers in classing them with the pyroxene-ande-

sites. I believe that this course is practically more convenient than

that of extending the groups of basalt and dolerite by including in

them the larger part of the pyroxene- andesites. As the presence or

absence of quartz in a rock is regarded as distinctive of important

groups, so, it appears to me, may olivine be taken as an eminently

characteristic mineral. Olivine, indeed, may be regarded as even

more useful in distinguishing a rock-group than quartz ; for it ap-

pears to be in almost every instance one of the first minerals to

separate from a magma, and is almost always clearly individualized,

while the silica of quartz-trachyte or quart z-andesite may remain as

tridymite, or in some other finely divided and not easily recognizable

condition, and in many rocks the quartz is clearly of secondary origin.

The third rock to which I have to call attention is that consti-

tuting the red, porphyritic fragments between Scroggieside Farm and

Tay Bridge (see Plate XIII. fig. 7). It has a specific gravity of 2'58.

The compact hornstone-like base is seen under the microscope to be

much decomposed, in some cases showing much separation of chalce-

donic silica, but in places traces of an original flow-structure can be

detected, and microlites of felspar abound. The porphyritic crystals

exhibit the characteristic lamellar twinning of plagioclase felspars,

with the extinction of oligoclase. A few crystals of biotite also occur

scattered through the rock. The microscopic examination fully con-

firms the conclusion arrived at by Mr. Durham, that the remarkable
" pitchstone-porphyry " is only a local variety of this red porphyritic

rock. Very similar mica- and hornblende-dacites are found at Lent-

rathen and other localities in Forfarshire.

The details given by Mr. Durham prove that the rock in question

is in all probability of Lower 01d-Eed-8andstone age, and in any
case it cannot be younger than Carboniferous. Yet in parts of its

mass the glassy structure of the rock is perfectly preserved. I believe

that this is at present a unique instance in the case of a rock of such

great antiquity.

The " pitchstone-porphyry " rock is of a dark grey, almost black

colour, and has a resinous lustre, occasionally passing to sub-

vitreous. White felspar-crystals are scattered abundantly through

the glassy mass. The specific gravity of the rock is very low, the

mean of a number of determinations made for me by Mr. A. V.

Jennings in the Geological Laboratory of the Xormal School of

-Science being only 2-31. The proportion of silica in the rock was
found by him to amount to r)7"21 per cent.

* Quart. Journ. Geol. Soc. vol. xhi. (188(>) p. 71.



428 PEOF. J. W. JUDD ON" THE VOLCANIC ROCKS

Studied microscopically (see Plate XIII. fig. 8), the rock is found
to be one of remarkable interest and beauty. Some portions of the

glassy base are seen to be quite as free from alteration as any Ter-

tiary or Recent obsidian. Other portions exhibit every stage of the

process of secondary change, whereby it passes into the white decom-
position-product to be hereafter described.

The minerals of the first coDsolidation in the rock consist of

numerous large crystals of felspar and a few scattered individuals of

biotite.

The porphyritic felspar-crystals, which are sometimes of very

considerable size, are usually perfectly fresh and unaltered. They
in all cases belong to triclinic species, and usually give extinctions

characteristic of oligoclase. Their angles are usually rounded, and
they sometimes show evident marks of corrosion by the action on
them of the magma in which they are enclosed. Sometimes they

are bent and cracked, and in these cases the development of the

twin lamellse has been clearly determined by the strains to which
crystals have been subjected. Not unfrequently, crystals are found

broken into fragments, and these fragments can be recognized lying

disunited in the midst of the glass ; in one section I observed a

single crystal of felspar which had been broken into no less than
nine fragments, the fractured edges of which corresponded perfectly,

although separated by the glassy mass in which they lay.

The biotite is of a deep brown tint, highly pleochroic, the

absorption along the C axis being so strong that the crystals, in

certain positions, appear absolutely black and opaque when rotated

over the polarizer ; in other positions they give various rich shades

of brown. The biotite-crystals are often bent and frayed out along

the principal cleavage-planes ; not unfrequently they show the black

margin so common in the biotites and hornblendes of andesites.

Traces of alteration are seen in some of these biotite-crystals, the

mineral sometimes appearing to pass into the dark blue and strongly

pleochroic chloritoid *.

The minerals of the second consolidation consist of imperfectly

developed microlites of felspar, many of them exhibiting step-like

terminations. In no case have I been able to distinguish twin-

lam ellse in these crystals; they are either untwinned or simply

twinned on the Carlsbad type. There thus appears to be every

ground for regarding these minute crystals of the second period of

consolidation as being orthoclase.

The glassy base contains numerous trichites, often forming

beautiful stellar groups, with dark-coloured globulites ; the dis-

position of these and the felspar microlites of the second consolida-

tion with respect to the large porphyritic crystals reveals a most

* Chloritoid, the optical characters of which have been so well studied in

recent years by Barrois (Bull. Soc. Min. Fr. vol. vii. 1884, pp. 37-43), Von
Lasaiilx (Sitzungsber. d. niederrhein. Ges. in Bonn, 3 Dec. 1883), and Lacroix

(Bull. Soc. Min. Fr. vol. ix. 1886, p. 8), is by no means rare among the Scottish

rocks. I find it to occur very abundantly in the interesting rock of Ailsa

Craig, for opportunities of studying which I am indebted to Mr. Blackwood of

Kilmarnock
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striking flow-structure. ISTot only are these minuter elements of the

rock arranged in irregular parallel bands, but they are crowded in

front and along the sides of the porphyritic crystals, trailing off

behind them.

Still more striking and beautiful is the iierlitic structure of this

remarkable rock. I know of no glass, ancient or modern, which
exhibits this structure in greater perfection. In manj^ parts of the

mass this perlitic structure is curiously complex, the larger spheres

into which the mass breaks up enclosing a number of smaller ones,

each exhibiting the concentric arrangement of cracks.

This remarkable rock must be classed as diporphyritic and perlitic

mica-dacite r/lass. I ma}' add that while I have met with a number
of examples of the stony varieties of dacite in the district described in

this paper, this is the first occasion on which I have found it

assuming the perfectly vitreous character. It appears that this

vitreous variety of the rock occurs in scattered nests in the midst of

the ordinary stony form. I have seen, in the lava-streams of Lipari,

similar angular masses of glass enclosed in the stony rhyolites, and
the appearances in both the ancient and the recent rocks suggest

that a brittle glassy rock had been broken up and entangled in a

more slowly cooling mass that had assumed a stony character.

Subsequently this lava itself appears to have been broken up by a

volcanic vent being opened below it, and its fragments thus beoame
enclosed among the ejecta of the later volcano.

There is still another point of great interest in connection with

this rock. Portions of it carefully dried at 110° C. and then weighed

were found, on ignition, to lose no less than 8-90 per cent, of their

weight. AVhen fragments of this glass were heated in a flame urged

by a powerful blast, they swelled up in cauliflower-like excrescences,

till they attained a bulk at least eight or ten times that of the original

fragment. The resulting product was found to be a beautiful white

pumice, which floats upon water.

I have recently called attention to the same character as displayed

by the curious material known as Marekanite *. I find too that the

obsidian of Krakatao, which is a porphyritic enstatitt-dacite glass,

not very dissimilar in chemical composition to the rock we are

(considering, behaves in just .the same manner, when strongly heated,

and yields a dirty-white pumice, almost undistinguishable from the

natural pumice which was so copiously ejected from that volcano

during the great eruption of August 1883.

The rocks of Angus and Fife are especially interesting to geologists

from the important light which they throw on the mode of

decomposition of some very interesting types of volcanic products.

In the year 1874, I described the great masses of altered lavas

which had been ejected from the Old-Ked-Sandstone volcanos, under

the names of felstone, porphyrite, and claystone t- In the following

year I had the opportunity of examining the great andesitic vol-

* Geo! Mag. dec. iii. vol. iii. (1886) p. 243.

t Quart. Jourii. Geol. See. vol. xxx. (1874) pp. 277-289.
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canos of Hungary, and a comparative study, by the aid of the

microscope, convinced me that these Scottish rocks of Palaeozoic age

are only altered forms of andesites, like those of Hungary *. Not
only do they agree very closely in ultimate chemical composition,

but the structures so characteristic of the andesites—such as the

zoned felspars with large glass inclusions, the hornblendes and micas

with blackened edges, and the base formed of a- felted mass of micro-

lites—are all found exactly repeated in the porphyrites. Further

than this we have the groups of the augite-andesites, the enstatite-

andesites, the hornblende-andesites, the mica-andesites, and the

quartz-andesites of Hungary all exactly represented in Scotland by
the augite-porphyrites, the enstatite-porphyrites, the mica-porphy-

rites, and the quartz-porphyrites respectively.

We are indebted to Dr. A. Geikie, I believe, for first pointing out

the close agreement between the altered Scottish rocks and those

described by continental petrographers under Gustave Rose's and

Naumann's name of " porphyrite." Dr. Geikie proposes to class these

rocks as '* felspar-magnetite rocks " f, the two minerals named being

the only ones which are now recognizable in the altered products.

But by examining a series, including varieties in every stage of

alteration, the original identity of these rocks with the modern
andesites can be very clearly demonstrated. More than this, we
are able to detect every stage of the processes by which the trans-

formation was effected.

In the cases of the I^orthfield and Causewayhead rocks, as in those

of the Cheviot andesites so well described by Mr. Teall J, there seems

to be no valid ground for separating them from the similar rocks of

Tertiary age. Studying the rocks in which the first stages of altera-

tion appear, we find that it is the ferro-magnesian silicate which is

nearly always the first to yield to the agents of change ; and, as a

general rule, the porphyritic crystals are altered before the smaller

crystals of the ground-mass. The enstatites and augites are espe-

cially susceptible to this kind of action, and in rocks showing no other

kind of change we find these minerals in a more or less advanced

state of decomposition

.

The first stage in the alteration of the pyroxene-andesites consists

in the conversion of the pyroxenes into the green decomposition-pro-

ducts for which Vogelsang proposed the name of "viridite." This
" viridite," which at first forms only pseudomorphs after the original

crystals (see Plate XIII. fig. 3), afterwards extends into the sur-

rounding glass and eventually fills up all the fissures and cavities of

the rock (see Plate XIII. fig. 4). The almost structureless " viridite
"

breaks up into spherulitic aggregations of various hydrated minerals:

but when formed from enstatite these can be shown to be largely

composed of serpentine, and when formed from augite to consist

mainly of delessite. The alkaline and calcic silicates appear to be

* Quart. Journ. Greol. Soc. vol. xxxii. (1876) p. 295 ; and ^Volcanoes, what
they are and what they teach' (1881) pp. 263-265.

t Trans. Roy. Soc. Edinb. vol. xxix. p. 508.
+ Geol. Mag. dec. ii. vol. x. (1883) pp. 100-109, 145-153, and 254-263.
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decomposed and removed in solution, while the silicates of alumina,

magnesia, and iron, taking up water, recrystallize in new combinations.

The second stage in the alteration consists in the formation of the

black opaque products for which Yogelsang proposed the name of

" opacite." That this largely consists of secondary magnetite there

cannot be the smallest doubt, but it is often intermingled with ferric

oxide and its hydrated products. The way in which the opacite is

developed at the expense of the viridite is admirably illustrated in

many of the Forfarshire rocks. In the midst of the more or less

crystalline green mass, black opaque centres appear with a colourless

zone around them (see Plate XIII. fig. 5). As these black nuclei

increase in size, the colourless zone around them extends itself out-

wards, till at last we have the whole mass becoming colourless by
the separation of the iron from the viridite and its concentration into

the opacite nuclei. "What is the nature of the hydrous alumino-

magnesian silicate left behind, and which also crystalHzes in spheru-

litic aggregates, we can only conjecture, but it is probably not far

removed from pennine and clinochlore in composition.

The third stage of change in the alteration of the rock consists in

the more complete oxidation and hydration of the opacite, by which
the brownish and reddish products, designated as " ferrite '' by Yogel-

sang, are produced.

Concurrently with the later changes which we have been describing,

the glassy base of the rock often becomes completely devitrified, the

magnetite-grains are all converted into hydrated ferric oxide, and
infiltrations of these substances stain the whole substance of the rock

and even the felspars themselves. In this way the rocks acquire

the red, brown, and purplish tints which usually characterize the

porphyrites.

Last of all, the felspars may become completely kaolinized, calcite,

chalcedony, and other secondary products may be formed in fissures,

and thus the whole rock passes into the condition of " claystone,"

which takes the same place in the intermediate series of rocks as the

wackes do in the basic.

Of course this series of changes is liable to some modifications

according as the composition of the original rock varies, or the con-

ditions to which it is subjected difier. The transformation appears
to take place more rapidly when the rock is full of gas-pores, each
of which becomes a laboratory of synthetic mineralogy. But though
the several stages of the change may overlap to a certain extent,

the order stated is that which would seem to be the one which is

almost invariably followed.

In the case of the dacite-glass, we find an instance of a special

kind of alteration of a very peculiar kind. Secondary change is

seen to commence along the perlitic cracks, and to gradually extend
inwards till the whole mass becomes white and opaque. In this

white mass the felspar and biotite crystals remain nearly unaltered.
It appears to be isotropic, and may be a hydrated acid glass, just as

palagonite is a hydrated basic glass. That it contains the bases of
the rock and is not a mass of opal is proved by the fact that the mass
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fuses, though with but little intumescence, and forms a colourless glass.

In separating along the lines of perlitic cracks and around the mi-
crolites of the rock, this secondary product forms globiform particles

similar to those described in the case of the pitchstone of Meissen by
Vogelsang *. (See Plate XIII. fig. 6.)

The white hydrated glass is so soft that it can be scratched with
the thumb-nail. When placed in cold water it rapidly breaks up
and falls to powder, the unweathered crystals of felspar separating

and remaining intact. Dried at 110° C., the mass loses 12-4 per

cent, of its weight, and on ignition 10*1 per cent, more is removed.

It thus appears that the white decomposition-product contains no
less than 22-5 per cent, of water and other volatile products. The
dried specimens of this substance contain nearly the same proportion

of silica as the original rock.

The material which seems to come nearest to this in composition

and properties is the " alumo-calcite " of Kersten, found at Eiben-

stock, near Rezbanya, which has a hardness of 1 to 2, a specific gra-

vity of 2*1 to 2*2, and contains 86-6 per cent, of silica with a certain

quantity of alumina, lime, and water. Substances of this class pro-

bably constitute an intermediate stage between the acid glasses and

the opals which so frequently result from their decomposition.

Thefelstones, tuffs, and ashy sandstones referred to by Mr. Durham
are usually in such a highly altered condition that in most cases it

is not possible to do more than speculate concerning their original

constitution and characters.

EXPLANATION OF PLATE XIII.

Fig. 1. Pyroxene-andesite (augite-enstatite-andesite) of NorthSeld Quarry,

near Newport, Fife, N.B., as seen with a magnifying-power of 36

diameters. The base consists of a glass filled with felted microlites

of plagioclase felspar (Microlithenfilz). Through this base are scat-

tered crystals and aggregates of crystals. One of these clusters is seen

near the centre of the field, and consists of clear, almost coloiu*less

augite, the crystals being twinned and having rovmded outlines ; the

unaltered condition of these augite-crystals is in marked contrast with

that of the associated enstatite crystals, which are much decomposed,

and almost completely converted into bastite, enough of the original sub-

stance remaining, however, to give the characteristic rhombic extinc-

tion and other optical properties of enstatite ; between the augite

• and the enstatite crystals there is visible a third colourless substance, of a

granular character, which is probably the result of an alteration of fel-

spar. The whole aggregate gTeatly resembles a fragmentbroken off from

a deeper-seated crystalhne rock, with its edges fused and rounded ; and

we seem to have an example of the structure to which I have given

the name of " glomero-porphyritic." The magnetite and felspar

microlites are crowded in the glass immediately around this cluster

so as to form a dark zone about it.

Fig. 2. Pyroxene-andesite (enstatite-augite-andesite) from Causewayhead

Quarry, near Newport, Fife, N.B., as seen magnified 35 diameters.

Enstatite (with a little augite), well crystallized in prisms and in

rounded granules, is scattered through a base in which lath-shaped

felspars have become less distinctly individualized. At many points

* ' Die KrystaUiten,' p. 145, Taf. xv. figs. 4, 5.
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the enstatite-crystals form aggregates, and in these the mineral is

always found undergoing decomposition into viridite, which in turn

gives rise to the formation of secondary magnetite and other iron-

oxides.

Fig. 3. "Viridite" pseudoniorph after enstatite, from the rock of Northfield

Quarry, as seen magnified 400 diameters. The enstatite has first been

converted into bastite (see fig. 1), and eventually into a pale green

amorphous substance in which only a faint fibrous structure can be

detected.

Fig. 4. "Viridite" produced by the alteration of the ferro-magnesian silicates

in the rock of Causewayhead Quarry, filling up accidental cracks in

the rock and forming veins in it. The section is represented as seen

with a magnifying-power of 250 diameters.

Fig. 5. Portion of the ground-mass of the Northfield rock in which "viridite"

has been extensively developed (as seen magnified 400 diameters). The
viridite has been converted into a mass of spherulites, each of which
gives a beautiful black cross when viewed between crossed Nicols, In
the midst of tins patch of green minerals circular spots of colourless

substance make their appearance, and as these become distinctly de-

veloped and increase in size, centres of "opacite" (secondary mag-
netite) make their appearance. These white zones in turn assmne the

characters of spherulites, and in many places the " opacite " is seen

passing into ferrite (hydrated ferric oxides).

Fig. 6. Development of secondary products in globiform aggregations, along

the perlitic cracks and aroimd the microlites of the first consolidation,

in the dacite glass of Tay Bridge End, Fife. (Compare Vogel-

sang, ' Die Krystalliten,' p. 145, Taf. xv. figs. 4 and 5.) In the

clear unaltered glass may be seen examples of tlie star-like aggrega-

tions of trichites of this rock. The section is represented as seen

magnified 250 diameters.

Fig. 7. Dacite of Tay Bridge End, Fife, as seen magnified 35 diameters. The
rock consists ofufclsitic base, in which great alteration of the original

structure has taken place, the development of the hydrated ferric

oxides giving it a reddish-brown colour. Traces of the original flow-

structure can, however, be detected. Through this base microlites,

probably of orthoclase and belonging to the second consolidation,

are scattered in profusion. In addition we find large porphyritic

crystals, often rounded and broken, of a plagioclase felspar and a few
bent and frayed plates of biotite.

Fig. 8. Dacite glass (vitreous form of last rock) from Tay Bridge End, Fife, as

seen magnified 35 diameters. This glass is, in many places, almost

perfectly fresh and unaltered. It contains a number of trichites,

some of which are grouped in star-like aggregates (see fig. 6) with

small felspar-microlites, the whole exhibiting by their arrangeiuent a

marked flow-structure. Most conspicuous, however, is the striking

doubly perlitic structure of the rock. In addition to the straight

cracks, we find a large series of curved ones, which enclose a second
and smaller series. Along these cracks decomposition to a greater or
less extent is found set up in different parts of the mass (see fig. 6).

None of the large porphyritic crystals of plagioclase felspar or biotite

are seen in the part of the section figured.

Discussion.

Dr. Evans, who occupied the Chair during the reading of this

paper, observed that Prof. Judd had added greatly to the value

of Mr. Durham's paper. The passage from the original form of

volcanic products into the various minerals described was of great

interest.

Mr. RuTLEY doubted if a distinction were needful between ande-
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site and porphyrite. The presence of so much water in a glassy rock,

such as that cited by the President, would, if general, account for

the development of a vesicular structure in certain obsidians when
heated. The instance of perlitic structure was singularly beautiful.

He inquired if the larger and smaller perlitic structures shown in

the diagram differed in age, his impression being that, in this case,

the different series of perlitic cracks represented periods of con-

traction following so rapidly that the process of fission was approxi-

mately continuous.

Mr. Teall said that the facts described by the President would
supply another argument, if such were needed, in support of the

view that volcanic rocks of precisely similar composition and structure

had been produced at widely separated geological epochs. Eeferring

to the enstatite-andesite he remarked on the rapidly accumulating

evidence as to the wide distribution in space and time of the rhombic
pyroxenes. He had quite recently detected these minerals in

plagioclase-augite rocks from Eatho, Kilsyth, and Arran. As in

these cases the rocks were granular in texture and basic in compo-
sition, he was inclined to call them enstatite-dolerites rather than
enstatite-andesites.

The President, in reply to Mr. Rutley, observed that the smaller

perlitic structure is probably slightly posterior to the larger.
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36. On the Maxilla of Igtjanodon.

By J. W. HuLKE, Esq., F.R.S., F.G.S. (Read May 12, 1886.)

[Plate XIV.]

So few cranial remains of Iguanodon have been recorded in this

country that two fine fragments representing nearly the entire left

maxilla have seemed to me deserving of being brought under the

notice of the Geological Society*. They derive an additional

interest in having been found at Cuckfield, the locality rendered

famous by Dr. Mantell's discovery there of a tooth f, the first of

that grand series of remains on which, jointly with Dr. Melville, he
established the genus. The combined lengths of the two pieces

amount to 29 centim., but a small intermediate fragment is missing,

and if we estimate this at 1 centim., the length of the entire maxilla

will have been not under 30 centim. The maximum vertical

measurement in the present state of the jaw is Q-2 centim. These
proportions show the form of jaw to be relatively longer and more
slender than that of Hypsilophodon, from which it also differs in the

bluntly rounded, not tapering, shape of its posterior extremity.

The external surface of the jaw slopes outwards as it ascends

towards the upper border, and in the articulated skull would over-

hang the outer alveolar margin. It is perforated by a series of

conspicuous vascular foramina. The inner surface of the bone is

nearly plane in its posterior, and gently concave in its anterior half.

I do not find any indication of palatal expansions. The upper border,

the stoutest part of the bone, exhibits a deep sunken groove, which
begins in a shallow pit (prelacrymal fossa) opening on the outer surface

of the maxilla at 4*5 centim. from its posterior extremity. This

groove contracts at a short distance from the external opening, and
then, dilating vertically, it passes forward along the bone, and

becoming much wider and shallower in the anterior half seems to

have led here into the nasal passages. I found indications of this

canal in the maxilla of /. Prestivichii. Anteriorly the upper border

becomes compressed and thinned, and there is evidence that, as in

Hypsilophodon, the thinned bifid end was overlapped by the body of

the premaxilla, an outer ascending or maxillary process of which
was received in the wide shallow anterior part of the groove just

mentioned. Posteriorly the upper border was overlapped by the outer

border of the nasal, and behind this by the lacrymal bone, which
contributed with the maxilla to form the prelacrymal opening.

The outer lip of the dentary border is crenated by the openings of

19 alveoli ; and assuming that the missing piece contained 3, the

number of teeth in the working line would be 22, a number agreeing

fairly with that in /. hernissm-tensis %• The teeth exhibit the

* I offer ray best thanks to Dr. Willett for most courteously affording me
an opportunity of studying these fossils and bringing them under your notice.

t About the year 1820.

\ Dollo, Quatrieme note, in Bulletin du Mus. d'Hist. Nat. de Belgique, t. ii.

(1883).
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form, sculpture, and wear so characteristic of Tgiianodon, and they

illustrate the successive phases of its dentition, from the germ crown
which has not yet descended to the level of the dentary border,

through the fully protruded but unworn crown, to the almost final

stage where the crown is nearly worn away and the root is being

extruded from the alveolus.

From the relatively slender and graceful form of this maxilla, I

am disposed to refer it to I. Mantelli, rather than to its more
massive contemporary /. hernissartensis.

EXPLANATION OF PLATE XIV.

Fig. 1. Inner, and Fig. 2. Outer view of a left maxilla of Iguanodon
from Cuckfield. (About nine tenths of the natural size.)

DlSCUSSIOIf.

Prof. Flower was glad to be able to announce that Mr. Willett

contemplated presenting the specimen to the British Museum.
Owing to the unworn character of some of the teeth and the peculiar

form of wearing of others, it forms a very instructive example of

the genus.

Prof. Seeley said that, owing to the fragmentary character of speci-

mens, English fossil reptiles had been very carefully studied in detail,

and to this study Mr. Hulke had contributed many valuable additions.

He asked what were the differences in proportion between this jaw
and the typical Brussels skeleton. He remarked on the characters

presented by the palate.

Mr. ToPLEY said the quarry at Cuckfield was not only that from

which Iguanodon was first obtained by Mantell, but that from which
almost all Mantell's Wealden specimens, recorded as from Tilgate

Forest, were collected. Many fossils were obtained from the same
quarry by William Smith.

The Atjthoe said he had nothing to add to what he had already

stated. Mantell's species appeared to be slighter and more delicate

than /. hernissartensis. The palate was very imperfectly known.
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37. The Pleistocene Succession in the Trent Basin. By R. M.

Deeley, Esq., F.G.S. (Kead May 12, 1886.)

Introduction.

Though the glacial deposits of some portions of the Trent basin

have received a considerable degree of attention, no really syste-

matic attempt has yet been made to ascertain their succession, or

even to trace the horizontal extension of the more important

members of the series. Mr. D. Mackintosh * has certainly stated

his opinion concerning the westerly extension of the Great Chalky

Boulder-clay, and Mr. Searles V. Wood, Junior t, has also dealt

more or less theoretically with the whole subject; but before

anything like certainty on these points can be arrived at, the

succession over the whole area must be ascertained, and the hori-

zontal extension of each member of the series traced.

Sections have also been described by the Eev. Dr. Crosskeyi,

Mr. W. J. Harrison §, Mr. James Shipman i|, Mr. Molj-neux^,

the officers of the Geological Survey, &c. &c. Many of these

exposures, however, are now obscured by talus or overgrown with

vegetation, while others I have not been able to visit. Indeed the

following paper must be regarded as an endeavour to ascertain the

succession obtaining in the Pleistocene deposits of the Trent basin,

as shown by sections which I have myself examined, rather than

as a detailed account of their distribution.

For assistance in much of the field-work, especially that portion

relating to Nottinghamshire, I am indebted to Mr. J. Shipman. My
thanks are also due to Mr. A. J. Jukes-Browne, for his advice,

and to Mr. J. J. Harris Teall, for the use of his notes.

The observations recorded in this paper were commenced as far

back as 1879, in company with Mr. Shipman. At first it was not

contemplated to do more than trace out the relations of the drift

and alluvial deposits of the country around Nottingham and Derby

;

but as the work progressed it became clear that in order to do

justice to the subject, even as regards this limited area, it was
necessary to extend our researches much further afield. This was
accordingly done ; but, unfortunately, the pressure of Mr. Shipman's

engagements prevented him from pursuing the subject with me to

the end, and in 188-1 he left me to continue the work alone ; even-

tually I decided to take in as much as possible of the great natural

geographical division included within the watershed of the river

Trent.

* Quart. Journ. Geol. Soc. 1879, 1880.

t Op. cit. 1880.

\ Proceedings of the Birmingham Philosophical Society, vol. iii, pt. 2.

§ Geology of the Counties of England and Wales.

II
Geology of the Parish of Lenton.

% Burton-on-Trent ; its History, its Waters, and its Breweries.

Q.J.G.S. No. 168. 2h
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The importance of ascertaining the succession in this area will he
evident when its central position is considered, for, this once

accomplished, we should be within measurable distance of corre-

lating the Pleistocene deposits on the west side of the Pennine Hills

with those to the east of the same range.

As will be seen from the classification I have adopted and the

tracing of some of the deposits into adjoining areas, a basis at least

for a tolerably correct correlation of the Pleistocene deposits of

England is furnished ; but I have thought it wise to leave detailed

work in this direction alone for the present.

I. Geneeal Description and Classification.

The Pleistocene deposits of the Trent basin are chiefly remarkable
for the great development which the glacial beds obtain ; they con-

sist of Boulder-clays, gravels, and sands, of various kinds and ages.

The distribution of the Boulder-clay varies very much both as

regards area and thickness, for in some localities it occurs in great

masses occupying small areas, and in others it covers considerable

districts with a tolerably uniform veneer ; its greatest development

is on the plains to the south and east of the Pennine axis.

In the Trent basin the oldest Pleistocene deposits are distinguish-

able from those of later age by their freedom from Cretaceous rock-

debris. Professor Judd, in his " Geology of Eutland and East
Leicestershire," recognizes the existence of sands and gravels

beneath the Boulder-clay. These sands and gravels he describes as

containing local rock-debris, " in this respect offering a very marked
contrast with all the gravels of Post-glacial age, which usually con-

tain abundance of chalk flints and rocks foreign to the district." JN ot

only are there, as Professor Judd points out, gravels and sands free

from chalk and flint, but there are throughout the Trent basin great

thicknesses of Boulder-clay also free from Cretaceous rock-debris,

but containing an abundance of Pennine erratics. This feature

obtains throughout the whole area, and whenever members of the

two series are seen in an undisturbed condition in the same section

they invariably occupy the same relative positions ; and so great is the

lithological difference between the two series, and so largely are

they deifeloped, that I have ventured to regard the formation of

these early Pennine deposits as marking a distinct epoch in the

Pleistocene period, the great physical changes which took place at

its close introducing an entirely new series of rocks into the

Pleistocene deposits of the Midland Counties, and marking the

commencement of a newer epoch.

Another break has been shown by Mr. A. J. Jukes-Browne * to

occur at a much later period, between the Chalky Boulder-clay

and the Purple Boulder-clay ; and though in the Trent basin this was
rather a change in the physical conditions of the area than a break

indicating lapse of time, there are good reasons for adopting it as-

another important line of division.

* Quart. Joum. Geol. See. 1885.

2h2
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According to this classification

the Pleistocene deposits fall into

three epochs, viz. Older Pleisto-

cene Epoch, Middle Pleistocene

Epoch, and Newer Pleistocene

Epoch ; each of these epochs is

susceptible of still further divi-

sion into stages, each stage indi-

cating very considerable changes

in the climate and geography of

the British Isles. Pig. 2 is a

diagrammatic representation of

their succession and general mode
of occurrence.

The Boulder-clays of the lower

series, or Older Pleistocene epoch,

are tough, bluish or reddish clays,

chiefly made up of the subjacent

rocks or those immediately to the

north or west ; they contain frag-

ments of all the Pennine rocks.

Oolitic and Cretaceous debris

only occur in them in the ex-

treme east of England, where the

Boulder-clay approaches the out-

crop of these rocks. The boulders

are, in fact, such as would be

brought down by glaciers de-

scending the valleys of the Der-

went, Wye, and other northerly

and westerly tributaries of the

Trent, debouching into and
crossing the valley of the latter

river.

The clays of the Middle and
N'ewer Pleistocene epochs, among
which is included the Great
Chalky Boulder-clay, ar^'charged,

unlike the earlier series, with
large quantities of flint and chalk.

In these deposits boulders from
the Pennine chain do not form,

except in the west, a large pro-

portion of the harder rocks.

The beds associated with the

Boulder-clays consist of wide-

spread deposits of sand or gravel

formed during times of submer-
gence, or of fluviatile gravels

occupying terraces bordering the
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main watercourses. Like the Boulder-clays, the gravels and sands

are of two varieties, each variety possessing distinct lithological

characteristics.

Each of the physical changes which caused the Pleistocene

deposits to vary over wide areas, from Boulder-clays to gravels,

sands, or brick-earths, will be considered as marking a definite stage,

the commencement or close of which was not perhaps always
exactly coincident over the whole district. No hard-and-fast line

really separates the various stages from each other, for the Pleisto-

cene deposits I have had to deal with seem to indicate an almost

continuous series of changes from early glacial times down to the

present day, the exception being an apparent break at the close of

the Older Pleistocene epoch. The development of each deposit also

varies largely in different localities.

Few branches of dynamical geology have, of late years, given

rise to more divergent views than the question of the origin of

Boulder-clays. It is not my intention at present to enter fully into

the subject, but a short statement of the opinions formed by their

study in the field wiU help to render my meaning clearer when I

come to deal with them in detail.

I do not incline to either an entirely subaqueous or an altogether

subglacial hypothesis.

The Boulder- clays may be divided into four distinct types :

—

1st. Aqueous Boulder-clay formed near the shore or the terminal

front of a glacier where it entered water tolerably free from currents.

2nd. Moraine piofonde formed beneath a thick ice-sheet by the

breaking up of the preglacial rocks over which it moved.

3rd. Moraine profonde formed beneath an ice-sheet by the

ploughing up and confusing of aqueous Boulder-clays, sands, &c.

4th, Deposits collected at the terminal fronts of glaciers not enter-

ing the sea.

Any particular section of Boulder-clay may contain one or more
of the above typical forms, or any intermediate variety, for they

graduate by insensible stages one into the other.

The aqueous Boulder-clay is generally a fine, stiff, sandy, homo-
geneous deposit, of various colours, charged with striated, grooved,

and polished erratic boulders, many of which have travelled great

distances. It often rests upon or underlies beds of sand, with which
it is clearly interstratified. Where sand-beds, which frequently

show no signs of disturbance, and aqueous Boulder-clays inoscu-

late, the sands frequently lose their false-bedded character, show-
ing that the Boulder-clays were deposited in still water ; everything

points to their having been formed by the sediment which the sub-

glacial streams brought down and deposited in comparatively stiU

water. The absence of stratification is due to the constancy of the

supply of sediment and to there being no strong currents.

The included morainic masses of clay which it sometimes contains

are derived from rocks which the ice was denuding at the time,

while the striated boulders were released from the thawing under

surface of the ice.
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The second class of Boulder-clays has been so ably described by
Professor J. Geikie, in his ' Great Ice Age,' that there is little to

add to his description. It generally consists of smaU broken

fragments of rock confusedly commingled and often presenting a

banded or streaky appearance which, from a distance, much resembles

stratification. Where it rests upon Pleistocene sands, or even older

rocks, these rocks are forcibly contorted or puckered, the puckers

running, roughly, transversely to the flow of the ice which formed

them. The proportion of unstriated and angular boulders is also

much greater than in the aqueous Boulder-clay.

The third variety is frequently a very puzzling deposit, especially

when it has been formed by the destruction of Boulder- clay which
contained beds of sand or brick-earth ; for it then contains pockets

of unstratified sand mixed in every conceivable state of confusion

with fine clay and broken-up rock.

Yery few deposits of the fourth class occur in the lower country,

but they are to be seen in the higher valleys of the Pennine Hills.

The following is the classification of the Pleistocene deposits

adopted in this paper :

—

Newer Pleistocene Epoch.

Later Pennine Boulder-clay.

Interglacial Eiver-gravel.

Middle Pleistocene Epoch.

Chalky Gravel.

Great Chalky Boulder- clay.

Melton Sand.

Older Pleistocene Epoch.

Middle Pennine Boulder-clay.

Quartzose Sand.

Early Pennine Boulder-clay.

II. Oldee Pleistocene Epoch.

1. Early Pennine Boulder-clay.

2. Quartzose Sand.

3. Middle Pennine Boulder-clay.

The Older Pleistocene series consists of two distinct Boulder-

clays separated from each other by false-bedded gravel, sand, or

brick-earth. As nearly all the rock-fragments occurring in these

deposits are derived from the Derbyshire hiUs, or from rocks

in their immediate neighbourhood, I have called the glacial clays

Early Penuine Boulder-clay and Middle Pennine Boulder-clay, to

denote their Pennine origin. They are separated from each other

by the Quartzose Sand. This sand passes down in some cases into a

brick-earth with seams of strong cla}^ which, in its turn, graduates

into Early Pennine Boulder-clay. The wide area over which the
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Quartzose Sand is distributed, the elevated districts which it covers,

and the persistency with which the current-bedding retains its direc-

tion, all point to a period of submergence during which ice-action

had partially, if not wholly, ceased.

The lithological similarities presented by these two Boulder-clays

render it almost impossible to distinguish the one from the other,

except where they are associated with the intermediate arenaceous

deposits. Of course the general correctness of the classification will

not be affected by the occasional uncertainty as to whether a parti-

cular deposit of Boulder-clay is older or newer than the sand.

An idea often finds expression that the presence of any particular

rock in a given section is entirely due to chance, and that the whole
Pleistocene system is really a confused assemblage of clays, sands,

or gravels, charged with rock-debris, brought indiscriminately from
all directions. This idea probably arises from the supposition that

the erratics were carried by coast-ice and icebergs, which, drifting

about under the action of varying currents, carried their burdens to

great distances, and scattered them upon the sea-bottom, or thrust

them upon the coast-lines. Now in the Pleistocene deposits of the

Trent basin such jumbling never occurs without good and evident

reasons. In fact the lithological character of each deposit, and the

disturbances to which it has been subjected, are each of the utmost

importance in giving us a clue to its age, and point to the action

of an agency much less fitful than ocean-currents. I do not deny
that icebergs and coast-ice have transported boulders to great dis-

tances, but regard glacier-ice as the chief agent in determining the

distribution and lithological character of Boulder-clays.

In addition to the glaciers which spread over the Trent basin from
the Pennine axis, there is every probability that a united Scotch

and Cumbrian ice-stream, after passing over Lancashire and Cheshire,

entered the westerly portion of the area. The proofs that this

occurred in Newer Pleistocene times seem complete, but, owing to

the scarcity of Older Pleistocene Boulder-clays in Staffordshire, the

evidence is less conclusive for the epoch we are now dealing with
than could be wished.

1. Early Pennine Boulder-clay,

The Early Pennine Boulder-clay does not appear to have been so

largely developed as some of the later beds, an inference supported

by the frequent, but by no means general, absence of pebbles of

Pennine rock from the sand of the next stage.

South of Leicester, at Oadby, a brick-yard near the racecourse

shows reddish morainic Boulder-clay with quartz pebbles and
numerous Coal-measure erratics passing up into brick-earth and
sand, the former containing bands of strong clay and occasional

masses of morainic Boulder-clay.

In the valley of the Wreak, between Syston and Melton Mowbray,
the Early Pennine Boulder-clay seems well developed. The only

good section occurs at Thrussington.

To do justice to the Older Pleistocene deposits of this valley, it



444 MIS,. E. M. DEELEY ON THE PLEISTOCENE

would be necessary to carefully niap the whole area. A rough
survey showed that the Early Pennine Boulder-clay probably extends

some distance along the south side of the valley between Rearsby
and Frisby. No sections are to be seen, but its presence was
inferred from the results of some shallow borings.

On the north side of the Wreak, though the deposit is better

exposed, its relationship to the later sands and clays is not so easily

traced, owing partly to the presence of numerous lateral valleys, and
partly to subsequent disturbances.

At Thrussington, in Woldgale Lane, a clay-pit shows a deep

section of Boulder-clay capped by what appears to be Quartzose Sand
about 9 feet thick. The sand, which is here reddish, is probably

much thicker than the section showed. In this pit is exposed at

least 30 feet of fine, tough, silty Boulder-clay, with included masses,

streaks, or irregular beds of unstratified moraine. These morainic

masses have been forcibly intruded or even dropped into the sur-

rounding clay. Though the main mass of the deposit is a tough

silty clay, it is thickly studded with very small fragments of rock

and occasional boulders. The boulders are well striated, especially

the Lias limestone. Keuper marl, green mar], quartz pebbles, and

a few Pennine rocks also occur. The quartz and quartzites are

most plentiful in the intruded morainic portions. Oolitic and Cre-

taceous rocks are quite absent.

The clay extends at least as far as Hoby, and maintains a con-

siderable thickness throughout the whole distance. Its junction

with the underlying rock is nowhere exposed, but at Thrussington

it is said to become more stony and sandy towards the bottom.

Many sections which will be referred founder the Middle Pennine

Boulder-clay stage perhaps really belong to the present one, but

owing to the lithological similarity of the deposits of the two stages,

and the absence of the Quartzose Sand from the sections, their

absolute ages cannot be determined with any degree of certainty.

My main reason for deferring their consideration to a later stage is

due to the much more positive evidence we have of intense glacial

conditions towards the close of the Older Pleistocene Epoch.

2. Quartzose Sand,

Passing beneath Middle or Newer Pleistocene deposits, capping

the hills at considerable elevations, or interbedded with Older

Pleistocene Boulder-clays, there are deposits of fine, light yellowish

or reddish false-bedded sand or gravel.

That the submergence which these deposits indicate was very

considerable in this part of Britain is proved by the occurrence of

Quartzose Sand at Blackwall, near Kirk Ireton ; on the Long HiUs
north-north-west of Nottingham ; and on the hill-top east-north-east

of Gelston, 6 miles north of Grantham.

At Blackwall, one mile south-west of Kirk Ireton, in Derbyshire,

there is a very fine section of this sand. It is about 25 feet thick, and

consists of coarse sand or grit derived apparently from the breaking

up of the Yoredale Sandstone which forms the ridge upon which it
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rests. The sand is very pebbly, the pebbles varying in size from
that of a pea to as much as six or eight inches long. They consist of

quartzites, quartz, brown sandstone, brown haematite, Coal-measure

sandstone, white, yellow, or purple clay, &c. The sand is obliquely

laminated, the bedding-planes sloping towards the north-east, and
indicating currents from the south-west. Xo flints were observed.

The mass is only slightly consolidated, and at a little distance looks

not unlike Bunter pebble-beds.

Near the words " Avenue Plantation," on the Ordnance Map,
about one mile east of Annesley, on the western border of Notting-

hamshire, a small gravel-pit discloses about 10 feet of obliquely-

laminated, clean, loose sand and pebbles, the lower three feet

being clean sand. On this ridge is a conglomerate, regarding the

age of which there is considerable divergence of opinion. My re-

marks refer to the loose sand only. It was deposited upon the top

of the hill by currents which appear to have come from a north-

westerly direction. The sand contains large and small roUed pebbles

of stiff brown Boulder-clay covered by an adherent coating of small

pebbles. It is overlain by a thin cake of reddish Boulder-clay.

Sand of the same age is also found on the Long Hills, two miles

further south. A section about six feet deep is exposed in an old

working at the back of the farmhouse. The pebbles are smaU,
and consist of the usual quartzites and quartz, with haematite iron-

ore, chert and cherty limestone, red sandstone, gritstone, decomposed

coal, &c. The dark coaly beds sometimes reach a thickness of

several inches.

These sections lie to the north of the northern limit of the

dispersion of Cretaceous rocks which took place during the Middle

Pleistocene epoch. The absence of flint from the Blackwall and
Long-Hills sand might therefore be considered of little value for

fixing their ages, were it not for the fact that the currents which
formed them passed over areas where flinty gravels are now well

developed. A great difference also existed in the direction taken by
the ocean-currents of the Older and Middle Pleistocene epochs. At
Blackwall and the Long Hills the bedding points with wonderful

persistency to currents from the north-west or south-west, while in

the southern portions of the Trent basin a flow from the south or

even the south-east is indicated. On the other hand, the oblique

bedding of the Chalky Gravel indicates indifferently currents from all

points of the compass.

Still further to the east, at Gelston, north of Grantham, on the

top of the hill, Quartzose Sand is excavated to a depth of about 30
feet. Here and there in the upper portion the sand-beds are

cemented into a hard rock. That this hardening took place before

the disturbance of the upper portion of the deposit, is made manifest

by the way in which the hard beds have been broken up. In the

lower portion of the section the sand is finely stratified, and in places

contains beds of clay or loam. The pebbles consist almost wholly

of quartz and quartzite with a few Coal-measure sandstones. Flints

have been introduced into the disturbed surface-portion of the
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deposit. jS'otliing could be more marked than the difference between
the Quartzose Sand and the Chalky Sand in this neighbourhood.

South of these sections there are numerous exposures of Older
Pleistocene sand, surrounded on all sides or even covered by Middle
or J^ewer Pleistocene flinty deposits, but still preserving their dis-

tinctive features unimpaired.

N'ear Leicester Abbey, in a pit on the river-escarpment to the

north-west, the Quartzose Sand is seen passing beneath the Middle
Pennine Boulder-clay and Chalky clay. It rests directly upon
Keuper marl. The sand is light in colour, splendidly false-bedded

by currents from the south-south-west, and almost free from erratic

pebbles of any size. The lower nine feet is false-bedded, but in the

upper portion the bedding becomes horizontal, and the deposit finally

changes abruptly into brown sandy Boulder- clay.

Two sections are to be seen at Aylestone *, south of Leicester,

one on the hill east of the church, and the other near the highroad
south of the village. Here it has been described as a " fine sand
varying from nine to fifteen feet in thickness, false-bedded through-

out, marked with streaks of lignite, and containing a few fragments
of GrypTioea and Belemnites."

Other exposures may be seen at Oadby and Wigston. Near
Oadby racecourse 9 or 10 feet of light reddish sand rests upon
brick-earth, which separates it from the Early Pennine Boulder-clay

below. The change from Boulder-clay to brick-earth with mo-
rainic masses of Boulder-clay, then to brick-earth with sandy seams,

and through a series of interstratified sand and loam-beds into clean

false-bedded sand, indicate clearly the changes which occurred

between this and the previous stage. The Middle Pennine Boulder-

clay and Melton Sand are here quite absent. Chalky Clay having
been forced over the sand, contorting, faulting, and tearing it up.

One large contortion trends north and south, representing an ice-

flow from the east. At Wigston both the sand and the brick-earth

are greatly disturbed.

In the Yalley of the "Wreak the Quartzose Sand crops out from
between the Older Pleistocene Boulder-clays continuously for miles

on both sides of the river. At Eotherby brick-yard it is seen beneath

the Middle Pennine Boulder-clay. Here it occurs as a reddish,

stratified, silty, or tolerably clean sand. It contains beds of strong

clay in the upper portion and passes down into silty sand or brick-

earth. A total thickness of 20 feet was exposed without reach-

ing the bottom. The outcrop of this bed may be traced along

the hillsides to the east of Prisby. Several small sections and some
tolerably large ones occur along this line. The most important one

is to be seen in the village of Prisby itself, near the mill ; here it is

a light, clean, bedded sand, with occasional pebbly beds ; it much
resembles the Aylestone sand. The false-bedding indicates currents

from the west.

On the north side of the valley the Pleistocene deposits have been

* Transactions of the Leicester Literary and Philosophical Society, 1882-

1883.
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much cut into by the tributary valleys of the Wreak. The Quartzose

Sand may be seen in the north-east corner of the Thrussington

clay-pit, in Woldgale Lane, and again at a similar height on the

hill to the east, across the Ox Brook. On the road to the east of

Brant's Barn, north of Hoby, it has been worked at several points.

On the west side of the wood, near Shoby Scholes, north-east of

itagdale, a sand-pit exposes 8 or 9 feet of red stratified sand free

from pebbles ; it probably reaches a much greater thickness.

Pebbles being absent, no certainty can be expressed as to its age

;

but from its surroundings I am inclined to regard it as Quartzose

Sand.

In the railway-cutting near Thorpe Satchville Quartzose Sand is

covered by Middle Pennine and Chalky Clay.

Another tolerably large accumulation of Quartzose Sand lies on
the more elevated land in the angle formed by the confluence of the

Trent and Soar, east of Kegworth. On the west flank of Fox Hill

there is a section in about 10 feet of obliquely laminated sand with
carbonaceous and gravel-beds. A tolerable percentage of the sand

consists of finely comminuted Lias sheU-fragments.

Another excavation on the north slope of Mill Hill, just south of

West Leake, exposes 15 feet of sand and gravel. Here there are

two thick beds of gravel, occasionally cemented into hard conglo-

merate, separated by a broad band of finely bedded sand.

Half a mile due north of Stanford Hall 20 feet of fine sand may
be seen in another pit. In this area, between Mill HiU and Stan-

ford Hall, there are many good sections.

No trace of contemporaneous Mollusca has yet been found in any
of these deposits ; indeed, in the Trent basin aU signs of life are

absent, not only in the Quartzose Sand, but in all the succeeding high-

level gravels and sands. That the Quartzose Sand may be marine
and yet be devoid of moUuscan remains will be seen by the distribu-

tion of life in the Chalky Sand. In this Chalky Sand the shell-frag-

ments are numerous on the western side of the Staffordshire portion

of the Trent watershed, while in the central, southern, and eastern

portions of the area they are nearly, if not quite, absent. Now aU
the sections of Quartzose Sand I have examined are some distance to

the east of the westerly watershed of the Trent, and it is highly

probable that the cause which led to the absence of moUuscan
remains from the Chalky Gravel was also the cause of their absence

from deposits of Quartzose Sand occurring in the same area.

3. Middle Pennine Bovlder-clay.

The conditions of climate which gave rise to the formation of the

early Pennine glaciers, and which passed away with the increasing

submergence of the Quartzose-Sand sea, again returned ; for upon
the Quartzose Sand there are thick deposits of Boulder-clay, giving

evidence of intense glacial conditions.

Like the Early Pennine Boulder-clay, the clay of this stage is

almost, if not wholly, free from Cretaceous debris, but frequently
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crammed full of Primary rock from the Pennine axis. I have
therefore called it the Middle Pennine Boulder- clay.

So far as my observations go, the mass of this clay was formed in

the path of the great glaciers which came down the valleys of the

Derwent, Wye, and Dove, and crossed the partially submerged
valley of the Trent in the direction of the Charnwood Hills. In
addition to the ice-3tream which came down the northern and
western tributaries of the Trent, the press of ice in the Irish Sea
seems to have led to the deflection of the Scotch and Cumbrian
glaciers into the western portion of the Trent basin ; for at Burton-
on-Trent there are in the Pennine Boulder-clay erratics entirely

foreign to this area.

In dealing with these deposits it must not be forgotten that the

advent of such great ice-sheets has so disturbed the floors over which
they passed that in some cases almost alt traces of arrangement in

the earlier sands and clays, or at least the possibility of deciphering

them, have been destroyed. I shall therefore be compelled, as I

mentioned before, to regard some of what are probably rearranged

earlier deposits as belonging to the present stage.

The only section I have seen of Older Pleistocene Boulder-clay

containing erratics, probably of Cambrian origin, occurs on Waterloo
Hill, near Burton-on-Trent, There is some diffi.culty in examining
the clay, owing to its position in the section; but its mode of

occurrence, colour, &c. all point to an early ice-flow from the north-

west.

The village of Spondon, to the east of Derby, is built on the south-

west side of a considerable mass of Boulder-clay, shown on the map
(fig. 1). The deposit is now only to be seen in section at three

points—one in the small ravine excavated by the brook which comes

down from Borrowood ; another in the road leading to Spondon from

the Nottingham road, just beyond the fourth milestone from Derby ;

and another in Mr. Coxon's brick-yard in the village itself (this

brick-yard lies to the north of the Swan Inn). A total thickness of

9 feet is shown. The upper 5 or 6 feet is a light brownish or drab

stiff clay, with no signs of bedding, and stuck full of pebbles and

boulders of all shapes and sizes. This upper portion contains a few

flints and seems to be a disturbed and weathered variety of the main
mass of pale bluish or brownish Boulder-clay which lies below. A
well sunk in the brick-yard proved the Boulder-clay to be at least

60 feet thick. It maintains the same physical characteristics

throughout, and rests upon a contorted surface of Keuper marl and

skerry. The clayey matrix, composed chiefly of Coal-measure clay

with varying proportions of Keuper marl, is wholly unstratified, and

weathers bluish along the joint-lines. The pebbles are chiefly

nodules of ironstone, mostly broken up. Millstone-grit, black and

white chert with Carboniferous-limestone fossils, Coal-measure

sandstone, white and black limestone, and coal. The residue con-

sists of brown quartzites, white quartz-pebbles, haematite iron-ore,

and various other rocks from the Carboniferous formation. Some
of the larger erratics, one of which weighed at least six tons, are
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finely polished, striated, and grooved, especially the limestone or

hard coal and shale. The larger blocks vary from rounded to sub-

angular or angular masses.

Another small patch of Boulder-clay caps the hill north-east of

Chaddesden and north-west of Brunswood. In a small ravine which

a brook has excavated in the west side of this mass of clay its

junction with the Keuper marl may be seen. The stiff blue clay

with boulders is contorted and crushed into the clay below, masses

of the one being sometimes torn off and buried in the other, while

boulders of finely polished and striated Carboniferous Limestone are

sometimes found in the disturbed clean red marl itself. A similar

section may be seen in the brook coming down from Borrowood.

Besting upon, or rather against, the Boulder-clay, and occupying a

depression or shelf in the side of the hill upon which Spondon is

built, there is a peculiar deposit of gravel of uncertain age. About
a quarter of a mile north of the " don " in Spondon on the Ordnance

Map, in a field by the stile-road, an excavation shows a section about

50 yards long and 14 feet deep. The stratification is indicated in

the upper portion by lines of fine pebbles or gritty sediment, and by
the general horizontality. The lower 2 feet contains beds of sand ;

one lenticular bed, about 8 yards long, consisted of alternations of

reddish and yellowish sand, while another was composed of coarser

sand, the false bedding of which indicated currents from the west-

north-west. These sand-beds contain carbonaceous matter. The
pebbles and boulders are of all sizes, generally well water-worn

;

but many are angular or subangular, particularly the larger boulders.

The pebbles are mostly quartzite, chert, gritstone, or Coal-measure

sandstone of finer grain. Other Pennine rocks are abundant.

The whole deposit is light brown in colour and contains a tolerable

percentage of argillaceous matter. Xear the surface the gravel

is slightly contorted by a force which seems to have come from

a north-north-west direction. In this disturbed portion there are

a few flints, a rock which is absent from the gravel below. The
junction of the gravel with the Boulder-clay is nowhere shown ; but

no similar deposit was met with, either in the Boulder-clay itself or

along the outcrop of the Keuper from beneath it. Of course it may
be urged that this gravel is the Quartzose Sand, and the Boulder-clay

the Early Pennine ; but it presents so many peculiarities that I

have not ventured to correlate it with that deposit.

At Sheldon-Wharf brick-yard (fig. 1), south^ of Derby, on the

north-west side of the hill, near the canal, is an exposure almost

entirely excavated in Boulder-clay. The pit has been worked at

two levels : the lower one showed a section of 9 or 10 feet of a loose

broken red clay, with dicey pieces of Keuper marl and pockets of

sand. The whole mass at a distance very much resembles ordinary

undisturbed Keuper. Near the bottom it contains small bits of

decomposed gypsum ; while bits and patches of variously tinted clay

and pockets of light red clayey sand, with occasional small pebbles,

are distributed throughout the mass. Quartz and quartzite pebbles

and fragments of Carboniferous rock begin to make their appear-
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ance towards the top of this portion of the section in tolerable

abundance, the matrix at the same time changing to a rusty-coloured

sandy clay. The pebbles mostly have their longer axes in a hori-

zontal position. Many of them are finely striated, grooved, and
polished. About 5 feet of silty ochreous-brown sand and pebbles

separates the redeposited red marl and sandy clay from the over-

lying Boulder-clay. This consisted of about 8 feet of light-brown

stiff clay, purple along the numerous ramifying joints, and thickly

studded with pebbles and boulders of various sizes and shapes,

mostly beautifully polished, scratched, or fluted. The largest

boulder exposed, a mass of Carboniferous Limestone, measured 20" X
16". The pebbles most numerous are quartzite and quartz, frag-

ments of coal, ironstone, white and black marble, chert, purple

Coal-measure sandstone, and Millstone Grit. Many of the pebbles

were evidently fragments of larger boulders which had been crushed

in transit. Though the deposit shows little or no trace of regular

stratification, the boulders are rudely arranged with their longer

axes horizontal, and the clay varies vertically in texture in a manner
indicative of aqueous action. There was no very marked line of

division between any of these beds. All the appearances point to

the conclusion that they were deposited in quiet water, local rocks

only occurring at the bottom, and foreign materials coming in in

greater abundance as the glaciers approached and deposited sand,

mud, and boulders in the quiet water.

The high escarpment overlooking the Trent at Hemington is

capped by very similar Boulder-clay.

Still further south, south of Long Whatton, is another consider-

able mass of this Boulder-clay. The high ground south of this

village is covered by it. On the north-west it extends from
"Whatton Eises along the hill for at least half a mile in a south-

westerly direction, and covers the whole of the hill-top as far as

Oakley Wood and Paradise Hill on the west. There are no sections

of any depth to be seen ; but at one or two points the character of

the deposit is displayed. On Paradise Hill some trenches cut for

drainage-purposes exposed a reddish-brown Boulder-clay, with occa-

sional beds or patches of reddish-brown coarse sand containing

carbonaceous matter (decomposed coal). The boulders were Carbon-

iferous sandstone and striated limestone, Keuper sandstone, chert,

and other Pennine rocks.

This mass of clay is an outlier of the series of deposits cut through

during the construction of the Charnwood Railway.

Along the northern edge of the Charnwood Hills, and covering

the lower ground through which the railway passes, the country is

covered by thick masses of Older Pleistocene Boulder-clay. Though
it is very probable that some of these clays were formed by Early

Pennine ice, the deposits have been so greatly disturbed and

e- arranged by the ice-flow of the Middle Pennine stage, that I

shall regard them all as belonging to this stage.

The Charnwood Railway runs nearly due west from Loughborough

to Whitwick, along the northern edge of the Charnwood-Porest
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rocks. The cuttings made during its construction in 1882 at

intervals along the line showed some interesting sections of drift.

The ground is composed of low u adulations of Keuper, chiefly the

Upper Marl, except in the west, where it passes through bosses of

Primary rock. The old Forest-rocks rise up from beneath the

Keuper to the south of the line.

The cuttings commence about a mile west of Loughborough. The
gentle undulations here consist of Keuper marl covered by Boulder-

clay and sand, the latter reaching a thickness in some places of

15 feet. At the east end of the cutting it consists of unstratified or

silty Boulder-clay resting upon Keuper marl. The rock-fragments,

many of which are finely striated and polished, consist of black and
white limestone, Coal-measure sandstone, Millstone Grit, Yoredale

sandstone, chert, ironstone, coal, Keuper sandstone, and occasional

fragments of Lias limestone or fossils. No flints were observed

except near the surface. Pockets or masses of sand also occur and
increase in number until, when the centre of the cutting is reached,

they form a tolerably distinct but highly contorted bed of yellowish-

brown laminated sand, with seams of decomposed coal and layers of

clay with boulders. The contortions of this deposit are sometimes

so marked that the sand-beds are bent over until the proper order

of superposition is quite reversed.

A large number of erratics were met with in this cutting at

Loughborough Pield. The more noticeable of these were as

follows :

—

ft. ft. ft.

1. Subangular sandstone boulder, deeply fluted 3x2 X ^
2. Subangular toadstone 1x1 X |
3. Angular sandstone 2x2^x2^
4. Gritstone 2x2 x2^
5. Mountain Limestone, much grooved, scratched,

and polished 4x3:^X1^

The second deep portion of the cutting, passing near Knight
Thorpe Lodge, shows few signs of stratification. The Boulder-

clay is here an unstratified mass of red clay, with pockets of red

sand ; it is studded with pebbles and boulders of the rocks found

in the previously-described section. Twelve feet was shown, the

clay sometimes shading off into Keuper and at other times intensely

contorted into it.

The next important section was exposed in the cutting west of

Sheepshead Station. The lowest portion of the deposit consisted of

a morainic Boulder-clay crammed with boulders, both angular and
subangular, of Carboniferous and Triassic rocks. At the west end
of the section the whole of the cutting passed through drift, which
in the upper portion contained numerous included masses of sand.

Indeed the lower portion is a subglacial moraine formed from the

debris of older rocks, while the upper portion is a moraine formed

by the breaking-up of aqueous Boulder-clay and sand.

The cutting near White-Horse Wood presented an interesting

succession of glacial clays and sands. The lowest bed was at the



452 MR. E. M. DEELET ON THE PLEISTOCENE

western end, and consisted of 5 or 6 feet of brown loamy sand,

unstratified, and containing very few pebbles, but full of small

decomposed bits of coal. This passed up into an unstratified reddish

Boulder-clay, full of pebbles and varying from a few inches to 2 feet

in thickness. This was succeeded by brown clay with pebbles, but

few traces of coal. Eesting upon this clay, but occupying the

eastern end of the cutting, was 4 or 5 feet of clean red and yellow

sand, with dark seams and a few pebbles, and obliquely laminated

in parts. There was no marked line of division between the clay

and the sand, and the former inosculated with the latter in a manner
which left no doubt as to the aqueous origin of the Boulder-clay.

JSTo flints were anywhere seen. I have not ventured to correlate

this sand with the Quartzose Sand, owing to its local nature.

In the valley of the Soar there are many good sections. At Sileby

brick-yard, near the Cemetery, the Keuper marl is covered by about
five feet of morainic Boulder-clay with striated rocks.

Still further south, at Thurmaston brick-yard, about 8 feet of

brown aqueous Boulder-clay rests upon the marl. It is full of

striated rock-fragments, chiefly Lias and Trias, but Carboniferous

limestone, sandstone, and ironstone also occur. The boulders lie

horizontally in the clay, which here contains interstratified beds of

sand and loam. At the west end of the pit the deposit becomes
quite gravelly, and the beds of loam, gravel, and Boulder-clay have
been forced over the underlying marl, which is much crushed and
contains streaks of sandy clay intruded from above.

At the Leicester-Abbey section the intensely false-bedded Quart-

zose Sand becomes horizontally bedded in the upper four feet, and

then changes suddenly into brown or reddish-brown Boulder-clay.

We have here indications that the rapid currents of the Quartzose-

Sand stage disappeared on the approach of the Middle Pennine ice,

an eff'ect partly caused perhaps by a decrease in the depth of the

submergence.

Mr. Beasley's sand-pit at Aylestone, south of Leicester, though

showing great signs of ice-action, is yet sufficiently undisturbed to

show the arrangement of the sands and Boulder-clays. Here the

Quartzose Sand is succeeded by a reddish Boulder-clay containing

Charnwood, local, and Pennine rocks. The one deposit graduates

into the other without signs of disturbance, the change from sand to

Boulder-clay being due to change of sediment and the absence of

strong currents. The Charnwood boulders occur chiefly near the

junction of the clay with the sand, especially the large boulders, an

arrangement pointing to the action of local glacial conditions in the

Charnwood Hills. It would seem that before the actual approach

of the main Pennine ice-flow local Charnwood glaciers sent out ice-

bergs, and coast ice distributed their burdens upon the bottom of

the surrounding sea in which the muddy sediment was collecting.

The section I am now referring to has been very much disturbed by

the ice of the Great Chalky Boulder-clay stage, for great masses of

the lower sand have been torn up, thrust upon the Middle Pennine

clay, and mixed up with the Chalky clay which occurs above.

Though the Middle Pennine Boulder-clay covers large areas in
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the Wreak valley, where it rests upon the Quartzose Sand, the only-

exposure to be seen is in the brick-yard at Eotherby. Here it form&
the upper portion of the ridge which extends in the direction of

Kirby Bellars. It is a silty tough clay full of boulders ranging in

age from Lias to Carboniferous.

I am indebted to Mr. J. J. Harris Teall and to Mr. J. Shipman for

a description of the sections which were exposed in the railway-

cuttings between Melton Mowbray and Nottingham. Though there

is no absolute certainty that the whole of the deposits occurring

beneath the Chalky clay, now to be described, belong to this stage,

yet, in the absence of direct proof to the contrary, I shall consider

them here.

In the cutting at the mouth of the Stanton-Hill tunnel the Tea-
green Marls are covered by black Rhaetic shales which have been
thrown into zigzags, gradually diminishing in acuteness as the eye

follows them down to the bottom of the section. These crumplings
could be seen on both sides of the line, and it was clear from their

trend that the ice-sheet which produced them must have come from
the north-west. The Paper Shales are largely mixed up and
redeposited with a brown sandy Boulder-clay which rests above.

To be more accurate, this drift consists of a matrix of stiff bluish

or purplish-brown Boulder-clay, evidently very largely derived from
the grinding down of Lias, and Ehsetic and Keuper marl. It was
full of lumps and fragments of the same rocks, Lias being most
plentiful, along with pebbles of quartz, pieces of fibrous gypsum
from the Upper Keuper, boulders of Millstone Grit, encrinital lime-

stone, and Coal-measure sandstone, all mixed together in the most
confused manner. Many of the rock-fragments were smoothed and
poHshed, and some distinctly striated. One of the boulders, a mass
of Millstone Grit, stood three feet in height, and was more than
eleven feet in circumference. The drift shows little or no signs of

stratification, and has evidently been subjected to immense lateral

pressure from a north-westerly direction. Resting upon this Boulder-

clay, and probably, like the mass in the Aylestone section, torn up
from the Quartzose Sand, come about 14 feet of loose reddish-brown

sand with pebbles and occasional false-bedding. The whole mass
showed signs of having undergone considerable lateral pressure, and
the contortions could be clearly traced in the deposit of sand by the

tortuous bedding of the strings of pebbles in it. These two deposits,

the brown Boulder-clay and sand, were confined to the north end of

the tunnel, and contained no traces of recent shells.

In the Plumtreo cutting there is similar sandy Boulder-clay, but

it had been greatly disturbed by the Chalky Clay, a small thickness

of which capped it.

III. Middle Pleistocene Epoch.

1. Melton Sand,

2. Great Chalhy Boulder-clay.

3. Chcdky Gravel.

The deposits formed in the Trent basin during the Middle Pleis-

Q.J.G-.S. No. 168. 2 I
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tocene epoch, regarded in the light of our -knowledge of earlier ice-

action in the same area, indicate that very important physical

changes must have taken place towards the close of the previous

epoch—changes which led to the advance of an ice-sheet from a

direction markedly different from aU previous ice-flows, and the in-

troduction of an entirely new series of rock-fragments into the

Trent basin. The earlier glaciers all originated in the Pennine or

other British hiUs, and spread their debris over the surrounding low
lands ; but during the epoch I am now about to notice, the ice

advanced from a north-easterly direction, and for the first time spread

over Central England the outcropping rocks it successively en-

countered. The Boulder-clay with chalk and flint thus spread over

the country has been called, from the immense quantities of Creta-

ceous rock it contains, the Great Chalky Boulder-clay.

Although I have divided this epoch into three stages, I do not

mean to affirm that there is any break between them indicating

lapse of time. Indeed the deposits may be seen to pass without

the least unconformability one into the other.

In West Staffordshire the gravels and sands frequently contain

fragments of marine moUusca, especially on the western side of the

watershed. The marine deposits with flint, in this part of the area,

probably represent the whole Middle Pleistocene series, including

the Great Chalky Boulder-clay. According to this view the latter

deposit was not formed in the open water then spreading over the

west of England.

It is mainly, if not wholly, due to the introduction of Cretaceous

rocks into the Trent basin at this stage that it is possible to classify

the Boulder-clays and divide the deposits of the Pleistocene period

into distinct lithological groups.

Although the peculiar character of this north-easterly ice-flow

has been noticed by many geologists, so far as I am aware, no one

has suspected that it formed an abnormal episode in glacial history.

Professor James Geikie, to account for 'the peculiar direction of the

ice-flow, has advanced the hypothesis that the Pennine glaciers were
brushed aside by the advancing Scandinavian ice, which, sweeping

over England from the north-east, distributed the flints and chalk

of Lincolnshire and Yorkshire over central England. Mr. Searles V.

Wood, on the other hand, maintained that the direction of the ice-

flow was due rather to a change in the inclination of the country.

The attitude I have assumed towards these two theories has been

dictated more by the actual succession of the deposits, as I have

found them in the field, than from any inherent weakness in the

theories themselves to account for the dispersion of the boulders

under certain conditions. Assuming that the Scandinavian moun-
tains existed in their present form in older Pleistocene times, how
was it that the glaciers of this early period from the Pennine Chain

were sufficiently powerful to entirely shut out from this part of

England an ice-flow from the north-east similar to the one which at

a later stage formed the Great Chalky Boulder-clay ? Again, the

occurrence of Middle Pleistocene gravel and sand, containing chalk
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and flint, immediately above and below, or even interstratified with,

the Great Chalk)?- Boulder-clay, points to the conclusion that the ice-

sheet of this stage did not enter a district already occupied by Pen-
nine ice, but, on the contrary, entered what was then comparatively

open water in the Trent basin. The difficulty therefore is, not how
the north-easterly ice advanced into this neighbourhood, but rather

how*we are to account for the absence of glaciers flowing from the

Pennine Chain. Prom these considerations it appears most probable

that the Pennine Chain was much lower during the Middle Pleisto-

cene epoch than it was when the older Pleistocene Boulder-clays

were formed, and that the Great Chalky Boulder-clay advanced into

the partially submerged area of the Trent basin.

The Great Chalky Boulder-clay is generally a true ground-moraine,

but in some places, such as Chellaston, Melton Mowbray, Market
Bosworth, Abbots Bromley, &c., it presents indubitable signs of

aqueous action.

"When the glacier of this epoch melted away, the country was left

submerged to a considerable depth beneath the ocean. Gravels

were then formed upon the Chalky Clay and other exposed rocks,

especially upon the southern and western watershed of the Trent

basin, where the Atlantic beat upon the islands, and surged through

the straits or over the shoals. The same phenomena exist in the

central portions of the Trent basin, but, probably owing to the land-

locked nature of the area, they do not reach such a great develop-

ment. These gravelly deposits, which I have called the Chalky
Gravel, contain a great variety of rock-fragments derived from the

Chalky Clay or adjacent rocks. In many instances chalk, both as

pebbles and sand, forms no inconsiderable percentage of the deposit.

1. Melton Sand,

The Melton Sand occurs very sparingly between the older rocks

and the Great Chalky Boulder-clay. The deposits of this stage

^ dealt with were formed within the watershed of the Trent in a sea

of tolerable extent and depth, probably connected with the ocean by
straits to the westward. The land-locked, and probably ice-locked,

nature of the Melton-Sand sea did not favour the formation of

much clean false-bedded sand. The Melton Sand consists chiefly of

stratified sand, with occasional beds of gravel or loam. A stray flint

may be sometimes found in some of the older Pleistocene gravels or

Boulder-clays, but in the Melton Sand they suddenly make their

appearance in great numbers for the first time.

Unfortunately no section has yet been found showing the passage

of Older Pleistocene Boulder-clay into Middle Pleistocene sand.

Indeed there appears to have been somewhat of a break between
these two epochs, perhaps partly due to temporary elevation and
subaerial denudation. This break, which partakes of the nature of

an unconformity, is clearly shown in many sections.

At Leicester Abbey the brown Middle Pennine Boulder-clay is

separated by a marked line of division from the Chalky Clay above.

2i2
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A much greater lapse of time is indicated by the unconformity at

Oadby ; for here both the Melton Sand and the Middle Pennine
Boulder-clay are absent, the Chalky Clay resting upon a highly

contorted surface of the Quartzose Sand.

At Wigston the Chalky Clay has also been thrust upon Quartzose

Sand, while at Aylestone it has been forced over the Middle Pennine
Boulder-clay as well, contorting and ploughing up both deposits.* A
similar explanation is perhaps applicable to the sand and Boulder-

clay met with at the northern entrance of the Stanton tunnel, on the

Nottingham and Melton Line.

In the great majority of cases the Chalky Clay rests directly upon
a highly disturbed surface of older rock.

As it is in the neighbourhood of Melton Mowbray that the deposit

is typically developed, I have called these sands, gravels, and loams,

the Melton Sand. They are interstratified with the sedimentary

Boulder-clay forming the base of the Chalky Clay. Indeed, as I have
said before, there is no break in the Middle Pleistocene epoch

indicating lapse of time, the divisions into stages being made for

convenience of treatment, and to emphasize the fact that the ice of

the Chalky-Clay stage advanced over a submerged area in this part

of Britain.

At Melton Mowbray, in the brick-yards on the north side of the

town, were to be seen interstratified beds of sand and brick-earth,

containing flint, chalk, Oolitic limestone, &c. According to Professor

Judd, the brick-earth and sand is " overlaid by ordinary Boulder-

clay, which here attains a thickness, as proved by well-sections and
borings, of not less than 200 feet." I did not in this case see the

Chalky Clay resting upon the Melton Sand, but there seems to me ta

be little doubt as to the correctness of Professor Judd's statement.

When I visited the Melton sections, the more southerly of the two
was almost wholly excavated in these stratified beds. At the bottom
is a dark silty clay with pebbles ; it breaks u]3 into small angular

fragments, and contains Triassic, Carboniferous, Jurassic, and
Cretaceous rocks in abundance. Besting upon this pebbly brick-

earth comes a bed of light-coloured sand, almost free from pebbles,

but rather coarse in places. The whole is highly contorted. These
contortions and the deposits they affect are of different age from those

beds of disturbed flinty gravel which formed the upper 7 or 8 feet

of the section. The lower sand and clay were exposed to a depth

of about 15 feet.

In a clay-pit a little further to the north may be seen the same
sedimentary Boulder-clay.

Still further south, at Asfordby, the light yellow or grey sand is

15 feet thick. It contains dark seams, and pebbles of flint, hard

chalk, Oolitic and Lias limestone, &c. It shows signs of great

disturbance, and appears to be covered by brownish Chalky Clay.

A similar deposit was seen at Grimston in a temporary excavation
;

it is here within 30 feet of the present "Wold top, indicating a very

considerable submergence.

South of the river Eye, at Eye Kettleby, stratified sand, about 8 feet
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thick, rests upon flinty gravel. The sand is false-bedded, and contains

carbonaceous seams. Brown Chalky Clay rests unconformably upon
it. The sand shown in a pit at Burton Lazars may also belong to

this age.

On Chellaston Hill, resting upon Keiiper marl and passing

upwards into the Chalky Clay, there are gravelly and sandy beds of

an aqueous character. They are exposed in the plaster-pits on the

south-east side of the village. At the south end of the main cutting

they are well shown.

Mr. J. W. Eardley, of Derby, has also kindly furnished me with a

description of the deposits passed through by some borings on Chel-

laston Hill (see fig. 3, p. 460). Two deep shafts were sunk through

the Chalky Sand and Chalky Clay into the sandy beds below. After

passing through the upper sand, and then through from 40 to 45
feet of Boulder-clay, the shaft entered six feet of running sand, then

six feet of loam, next loam and sand two feet, and then another two
feet of gravel which rested upon Keuper marl with gypsum.

2. Great CTmXky Boulder-day.

We now come to perhaps the best-known of all glacial deposits,

the Great Chalky Boulder-clay.

jS'o attempt will be made to follow it out of the Trent basin, or

to give a detailed description of its distribution ; my intention is

rather to note its general mode of occurrence, its position among
the deposits of the Pleistocene period, and the probable method of

its formation.

One of the greatest obstacles to a just appreciation of the laws

which regulate the formation of Boulder-clays has arisen from the

difficulty of determining the exact relative ages of the deposits dealt

with, and the idea, perhaps unconsciously adopted, that the boulders

they contain were always derived directly from their parent rocks.

For instance, the accumulation of Boulder-clays and sands encumber-
ing the Liassic ridge between South Nottinghamshire and Leicester-

shire has been regarded as belonging to one stage of the Pleistocene

period. In this particular area the main mass of the Chalky Clay

really lies to the north and east of the ridge, and has been thrust

against and partially over earlier Boulder-clays and sands. Indeed,

the presence of tolerably high land in the path of the advancing

glacier which moved up the Trent valley has to a great extent

stopped the further westerly extension of typical Chalky Clay.

Roughly speaking, the chalky debris was forced up the Trent valley

for some distance and then spread out in two long tongues—one

extending up the main valley as far at least as Hanbury, north-

west of Burton-on-Trent ; and the other over the district south of

the Wreak, past Leicester, and then along the southerly margin of

the Trent basin. How far it extends in this direction I cannot

say. The intermediate area of the Ashby-dc-la-Zouch coal-field

owes its freedom from the typical or morainic Boulder-clay of this
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stage to the shelter afforded it by the high land to the east and
north. In this area the Chalky Clay is a silty de^^osit with a few

flints and qnartz or qnartzite pebbles.

In addition to the evidence furnished by the presence of great

numbers of Cretaceous boulders in the Chalky Clay, an indication of

the direction of the ice-flow of this stage has, in one instance at

least, been left upon the rocky floor over which it moved. In the

Stanton tunnel, south of Nottingham, Mr. Teall found the Lias

limestone, upon which the Chalky Clay rested, striated from the

east-north-east to west-south-west.

The Pennine rocks in this Boulder-clay have been derived from

the Older Pleistocene deposits over which the ice passed. If we
regarded them as having been derived directly from the Pennine
Chain we should be forced to admit an ice-flow from this direction

as weU—an inference totally at variance with the distribution of

the Boulder-clay and its associated deposits.

The abnormal direction of the ice-flow most probably owed its

existence to a period of intense cold coupled with a considerable

depression of the Pennine axis. This would result in the approach

of Continental ice without the interference of local English glaciers.

When I come to treat of the Chalky Gravel, it will be seen that I

regard the gravels in the west of Staffordshire as representing aU
the Middle Pleistocene stages, the Great Chalky Boulder-clay never

having been formed in the open water then existing on the west side

of the watershed.

Upon the Melton Sand the subglacial streams deposited silty

sandy Boulder-clays in the partially land- and ice-locked valleys of

the east of England. In the majority of cases these sands and silty

Boulder-clays, together with older deposits, have been overridden

and converted into uustratified moraine.

Although, as we have seen, the Great Chalky Boulder-clay is ex-

tensively distributed over the country and sections of it are of toler-

ably frequent occurrence, it generally maintains such a wonderfully

uniform lithological character that a description of all the sections

would involve constant repetition. I have therefore confined my-
self to sections where its relationship to deposits of other stages is

shown, or where it presents peculiar characteristics. In the pre-

vious stage those sections which show the passage of the Melton
Sand into Chalky Clay have been noticed. As these sections throw
considerable light upon the formation of this Boulder-clay, I propose

to state briefly the opinions at which I have arrived.

The late Mr. Searles Y. Wood contended that the Great Chalky
Boulder-clay was formed by an ice-sheet depositing and overriding

the mud-bank which it formed at its seaward face. I am inclined

to support a somewhat similar view in preference to the theory

which attributes its formation wholly to land-ice. The presence

of stratified sand and gravel at its base is evidence that the Trent

basin was submerged when the ice-sheet advanced over it. It has

been argued that the absence of moUuscan remains is conclusive

evidence against its aquatic origin. This is, no doubt, a difficulty
;
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but I would suggest as an explanation that the brackish state of

the water in the partial!}' land- and ice-locked sea was inimical to

marine life.

The stratification met with inmost rocks resulted from intermittent

current- action and the consequent irregular supply and deposition

of material. On the other hand, in the aqueous Boulder-clays, owing
to the constant nature of the supply of mud brought down by sub-

glacial streams, and the absence of strong currents, the sedimentary

nature of the deposit is not so well marked.

When the glacial conditions of this stage reached a maximum, the

greater part of the Trent basin was occupied by ice, the immense
weight of which ground up the subgiacial floor and converted much
of the earlier stratified Boulder-clay into unstratified moraine. !Not

only did it rearrange earlier Boulder-clays, but in many places it

formed its moraine almost entirely from the older rocks themselves.

The most north-westerly outlier of the Chalky Clay with which I

am acquainted occurs at Abbots Bromley. In a pit south-west of

the town, about 15 feet of silty clay, with occasional sand-partings

or beds of strong clay, passes up into stratified sand with flints and
quartzite pebbles. This silty clay, which is almost free from
pebbles or boulders, covers a very considerable area in this neigh-

bourhood and is exposed at several other points.

At Hanbury Woodend, north-west of Burton-on-Trent, typical

morainic Chalky Clay is covered by Chalky sand, and rests upon what
appears to be Quartzose Sand. The Boulder- clay lies unconformably

upon the lower sand and reaches a thickness of about 9 feet ; it

contains chalk and flint in abundance, together with quartz and
quartzite pebbles, Carboniferous limestone, &c. Mr. Molyneux*
has noticed what he describes as a remarkable trail of chalk-flints
'' stretching across the high grounds of Hanbury Woodend running

east and west." He also describes many other sections, now ob-

scured by talus, and traces the drift, which sometimes reaches

90 feet in thickness, over considerable areas.

What appears to be Chalky Clay occurs in the Dove Valley at Oak
Green brick-yard, N.N.W. of Sudbury. It is here a blue clay, some-

what similar to that shown at Abbots Bromley, with seams of coarse

sand, occasionally gravelly. A few flints were found in it.

The next outlier, and the largest I have found north of the Trent,

occurs near Chellaston (figs. 1 and 3), where it fills up an old valley

and caps the hill-top. In this sheltered spot the Chalky Clay is of

a decidedly sedimentary character, and has to a great extent escaped

the grinding-action of the ice. Though this sedimentary condition

of the deposit is very clearly shown in most of the sections near

Chellaston, traces (sometimes very obvious traces) of ice-action are

to be seen.

At the south end of the main working, near the outcrop of the

gypsum bed, and lying upon the sandy deposits which have been

described, comes about 12 feet of purple silt containing glaciated

boulders. The boulders, which generally lie with their longer axes

* Burton-on-Trent ; its History, its Waters, and its Breweries.
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horizontal, range in age from

Carboniferous to Cretaceous.

Carboniferous rocks are not so

numerous as they are in the sand

below ; they have been derived,

not directly from their parent

rocks, but from the older Pleis-

tocene Boulder-clays.

At the north end of the cutting

the Boulder-clay was exposed to

a depth of about 20 feet.

Good sections were also at one

time to be seen in the Chellaston

railway-cutting, near the junc-

tion. Here the upper 5 feet is a

brown pebbly clay, highly con-

torted and resting upon dull,

stiff, purplish, silty, compact
clay, which is also studded with

pebbles and boulders. Inter-

bedded with the purple clay are

seams and pockets of soft brown
sand containing minute pebbles

of coal and hard chalk. Smooth
and rounded boulders are com-
mon. In some spots the drift

consists of stiff dark clay, with

boulders stuck in it at all angles,

and showing no trace of aqueous

action. This, however, is by no
means the rule, for the clay is

generally a silt, and in some
places showed distinct stratifica-

tion. Large boulders of Car-

boniferous limestone and Coal-

measure sandstone occur, but

they are not plentiful. In the

I bo upper contorted surface portion

are gravellybeds composed almost

entirely of rounded chalk peb-

bles and bits of flint. The blue

clay passes down into brown silty

Boulder-clay, and in the cutting

nearer the station it overlies a

thin bed of gravel.

East of Chellaston the Great
Chalky Boulder-clay is not met
with again until we come to the

extensive mass almost covering

the high ridge between South

o

o ,—

;
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Notts and Leicestershire. Here the Chalky Clay may be seen in

its intensely chalky condition, and also as a silty clay with striated

boulders and beds of sand.

Good sections were exposed in the cuttings on the railway be-

tween iN'ottingham and Melton Mowbray. Mr. J. J. Harris Teall

has kindly allowed me to make use of some notes he made when
the work was in progress. To these notes I have been able to add

some by Mr. Shipman.

Resting upon deposits of rather uncertain age, which have been

described as Middle Pennine Boulder-clay, there occurs, at the

mouth of the Stanton tunnel, a deposit of unstratified Boulder-clay

with chalk and flint, thickening to 70 feet in the centre of the

tunnel, wbere it rests upon a splendidly striated floor of Lias lime-

stone, indicating an ice-flow from east-north-east to west-south-west.

At the south-south-east end the tunnel was entirely in this deposit.

Similar clay formed the uppermost member in the Plumtree cutting.

This deposit is evidently the Great Chalky Boulder-clay, the ice of

which age first passed over and striated the Liassic floor and then

heaped upon it 70 feet of morainic Boulder-clay. South of the

Stanton tunnel the rock-fragments in the clay become much more
varied in character, and show an arrangement from north-west to

south-east, similar in order to that of the outcrop of the rocks from
which they have been derived. Eor example, in the north-westerly

cuttings Keuper marl, E-haetic shale, and Lias rocks abound ; but as

we work south. Middle Lias, Oolitic limestone, and Cretaceous rocks

appear in increasing profusion, an arrangement evidently due to the

ice advancing roughly along the strike of the rocks. Still nearer

Melton Mowbray, at Grimston, Chalky Clay rests upon bluish silt and
Melton Sand. Similar deposits are exposed in the railway-cuttings

near Asfordby. These sections have been described under the

Melton Sand.

Xear Mount Sorrel the Chalky Clay rests upon a mamillated rocky

surface. In many cases the rocks beneath Boulder-clays, especially

the softer kinds, are broken and forced out of position instead of

being smoothed or striated.

At Leicester Abbey morainic Boulder-clay rests upon Middle
Pennine Boulder-clay, from which it is separated by a sharp line of

division.

At Oadby and other places in the neighbourhood, the Chalky
Clay has been forcibly driven over the Melton Sand, contorting or

ploughing up large masses of it. The action of the ice-sheet has here

been to crumple the sand into folds trending roughly from north

to south, and indicating an ice-flow from the east.

At Mr. Beasley's sand-pit to the south of Aylestone, the upper-

most member is a blue clay with flints, &c. ; it has been forced over

the underlying Middle Pennine Boulder-clay and Quartzose Sand
with which it has been incorporated.

Around Market Bosworth the Chalky Clay is exposed at several

points and presents much the same appearance as at Abbots Brom-
ley. At Shenton, near the railway, a brick-yard exposes about
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20 feet of strong clay with concretions and beds of sand. The clay

is laminated and, like the sand, is free from boulders. The whole

deposit is much disturbed, the sand-beds sometimes standing in a

vertical position. jS'ear Market-Bosworth station, in another exca-

vation, the sandy clay becomes stony towards the bottom. Pebbles

of quartz, flint, sandstone, coal, and shale were seen.

3. Chalky Gravel,

Eesting upon the Great Chalky Boulder-clay or older rocks, and
spreading in great sheets or banks along almost the entire length

of the Trent watershed or intervening high lands, there are thick

deposits of stratified, flinty, or chalky gravel or sand. Unlike the

older Quartzose Sand, the current-bedding in these deposits as

frequently slopes to the east as to the west. Along the western

portion of the watershed and in areas where the Chalky Clay is

absent, the gravel loses its intensely chalky character and rests

directly upon the older rocks, the Great Chalky Boulder-clay having

apparently entirely thinned out in this direction. To what extent

the Chalky Gravel may, in part, be equivalent to the Melton Sand
in these westerly sections I cannot say.

It will be most convenient first to follow the Chalky Gravel in a

westerly direction from Lincolnshire and Leicestershire, across that

portion of the Trent basin which lies to the south of the river, and
then through Nottinghamshire and Derbyshire into Staffordshire.

By so doing, the Chalky Gravel will first be seen, with few exceptions,

in its intensely chalky condition resting upon or in the immediate
vicinity of Chalky Boulder-clay. In the northern and western

division it usually overlies older rocks and contains little or no
chalk, but numerous flints.

The occurrence of the Chalky Gravel not only upon the Chalky

Clay where it is thickest, but also upon the flanks of the hills, or

even resting upon the older rocks at low elevations in the wider

vaUeys, proves that though the Chalky Clay has been denuded

from considerable areas, it was by no means deposited as a uniform

layer over the whole district. Indeed some portions of the main
valleys have always been quite free from it.

On the high lands of Lincolnshire and Leicestershire the Chalky

Gravel was evidently deposited in the sea and exposed to the action

of currents and icebergs, or even to the temporary readvance of the

glacier which formed the Chalky Boulder-clay.

The oflicers of the Geological Survey * regard some gravel which
occurs south and south-west of Coddington, near Newark, as of

interglacial age. I have not been able to find any good sections

exposing the deposit; but from what could be seen in old|workings,

I am inclined to regard this view as correct, and relegate it to this

stage.

Two miles south of Grantham clean, current-bedded, Chalky sand

* Memoir on the Geology of the south-west part of Lincolnshire.
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and gravel, frequently cemented into hard masses of rock, passes

horizontally into gravelly rubble. Here, and wherever the gravel

rests upon Chalky Clay, it contains a great assortment of rocks from

that deposit.

Mr. Skertchly has noticed the same gravel near Saxby, Frisby,

and Garthorpe. These exposures are now partly grass-grown, the

only one to be seen being to the west of Garthorpe church. He
says, " at Saxby there are large pits dug in gravel which appears to

be intercalated in the Boulder-clay. The pits are about twenty feet

deep, and the material, which consists of irregular beds of gravel and
sand, is very much contorted. It is mainly composed of pebbles of

the Lincolnshire Limestone ; of other rocks. Coal-measure sandstone

and small rounded pebbles of Northampton ironstone are abundant,

as are also nodules of ironstone from the Lias clays ; flints occur

sparingly, as also do pebbles of quartzite. The stones vary in size

from boulders a foot in diameter down to small grains. The sand

is for the most part siliceous." Although this gravel is regarded

as being intercalated in the Boulder-clay, the evidence appears to

me more to favour the view that it is contorted into the upper
surface of that deposit.

At Tilton, one of the highest points in east Leicestershire, near

the windmill, a pit exposes a section of the Chalky Gravel. The
sandy and gravelly beds are well stratified, and have been forced into

a vertical position or even thrown quite over.

Similar deposits may be seen at Billesden, on the road leading to

the Coplow, and also near the mill.

At Skeffington there are two sections—one near the village, and
another at Brooms Wood. East of Tilton, at Halstead, is a good

section. Two pits near the road leading from Knossington to

Somerby have also been excavated in the Chalky Gravel. Sections

may also be seen at Cold Overton, Burrow on the Hill, Thorpe
Satchville, and Stoughton. Many of these show beds of loam
interstratified with sand and gravel.

Near the church, at Barrow-on-Soar, a rather peculiar section is

shown. B.esting upon Lias shale is a bed of mottled red, gravelly,

sandy clay, varying from four to five feet in thickDCSs. Upon this

comes eighteen inches of loamy clay containing lenticular beds of

reddish stratified sand. Upon this rests gravel with seams of sand.

Horizontally bedded red loamy sand covers the whole. Flints and
quartz or quartzite pebbles are numerous throughout the whole

depth of the section.

South of Leicester a great number of sections may be seen. At
Blaby Wharf about twenty-one feet of false-bedded Chalky Gravel

rests upon Chalky Clay ; it contains great quantities of hard chalk,

flint, and other easterly rock-debris, derived from the Chalky Clay.

Small grains of chalk form no inconsiderable portion of the sand.

Many of the beds are blackened by carbonaceous matter, and small

lumps of decomposed coal are numerous. The false-bedding indicates

currents from the east and west. Rolled boulders of pebble- covered

Chalky Clay are of frequent occurrence.
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Similar sections may be seen at Kilworth, Smeeton, Saddington,

Shearsby, Bruntingthorpe, Husbands Bosworth, Sibbertoft, &c., &c.

At Sibbertoft it is consolidated into stony masses five feet in thickness.

By far the finest section is, or was, to be seen in the railway ballast-

pits at Kilworth, a few miles south of the Trent basin. The section

was several hundred yards long and about thirty-five feet deep.

The gravel was generally stratified in beds of varying degrees of

coarseness and contained numerous false-bedded layers of sand and
seams of loam or clay. In the greater number of instances the

-oblique bedding pointed to currents from the east or north-east. The
pebbles were mostly well rounded. Here and there an angular

boulder occurred, stuck on end, as though it had been dropped there,

•or the gravel lost all traces of bedding and presented a mere
jumbled mass of stones and sand. Cretaceous and Jurassic debris

were most plentiful, but Coal-measure sandstone, black and white

Mountain Limestone, grey granite, and other rocks were to be seen.

One mass of granite measured 2' x 2' x 1''5
; a boulder of Carbo-

niferous Limestone I'xl'xl', and one of gritstone 2'xl'xl'.
Quartz and quartzite pebbles were scarce.

To what extent the Chalky Gravel is spread over the northern

portion of Warwickshire, I have been unable to ascertain.

In the Ashby-de-la-Zouch coal-field it is tolerably well developed.

South of Havenstone a good section, about 10 feet deep, exposes

stratified fiinty gravel.

In the neighbourhood of Market Bosworth the high plateau to the

east and south is covered by gravel resting conformably upon silty

Chalky Clay almost free from pebbles. There are several sections

—

one just north of Market Bosworth, another about one mile south

of Cadeby, a third north of Shenton, and a fourth south, of Sutton

Pields. On the hills south of Sutton Fields there is about twenty
feet of typical Chalky Gravel. The deposit is light in tint, false-

bedded, and contains flints in the pebbly beds.

On the south-easterly spurs of the Pennine Chain the Chalky
Gravel is not extensively developed, but it becomes more plentiful

in a westerly direction. In jS"ottinghamshire flinty gravel may be

seen near Blidworth, and at other points, resting upon the sandstone.

South of J^ottingham, on Wilford Hill, there is about 20 feet of

gravel and sand, but no sections are shown.
In Derby (fig. 1) a patch of stratified gravel with fiints is exposed

by an excavation in Green Lane. This deposit and another near the

Arboretum very probably belong to the Chalky-Gravel stage.

On Chellaston Hill (fig. 1) the Chalky Boulder-clay is capped

by gravel reaching a thickness of at least 17 feet, and covering an
area of about a quarter of a square mile. A section may be seen

on the west side of the stile-road leading from Chellaston to Weston.
The sand is clean, stratified, yellow or reddish brown in colour, and
contains fiints and quartz pebbles. The section fig. 3 (p. 460) passes

through this deposit.

South of Ashbourne, on the high land, gravel is of tolerably frequent

occurrence. In most cases the deposit is very much disturbed, signs
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of stratification being seen only in the lower portions of the sections,

which are scarce.

West of Chellaston the most typical deposit of Chalky Gravel rests

upon the outlier of Chalky Clay at Hanbury. In this section the
gravel is intensely chalky and contains numerous flints and other
eastern rocks. Here and there the gravel is cemented into hard
masses similar to those met with at Sibbertoft and to the south of
Grantham ; it is banked against the Chalky Clay and what is

probably the Quartzose Sand.

In most of these easterly sections the gravel has been greatly
disturbed, especially where there is open country to the east or
north-east. Though a considerable amount of this disturbance has
evidently been due to more modern glaciers, in some instances the evi-

dence points to contemporaneous ice-action in the form of bergs and
glaciers. The more westerly sections, especially those facing the
western sea, though disturbed or even covered by later Boulder-clay,
have evidently been formed in open water, and contain the remains
of numerous species of MoUusca.

South and west of Uttoxeter sections of gravel are exposed at

Bramshall, Crabtree House, Bagots Wood, Bagots Bromley, &c.

In the neighbourhood of Abbots Bromley a considerable sheet of

stratified sand and gravel with flints rests upon silty clay. In this

respect it closely resembles the Market Bosworth deposit. Several
sections may be seen north and Avest of the town.

jN'orth of Stone, in a brick-yard, there is an interesting face of

Chalky Gravel, about six feet deep. It rests upon Keuper marl.
The sand is a well-stratified clean deposit with beds of gravel
containing flint.

The most north-westerly point at which I have seen the Chalkv
Gravel is in theBiddulph Pass leading from the Trent basin into the
Cheshire plain. So far, no contemporaneous moUuscan remains have
been noticed, but no sooner is the western watershed reached than
they are to be found in great plenty both in the passes and on the
western or Atlantic side.

At Biddulph, near the station, at the summit of the pass, is a deep
section. The sand is tolerably free from pebbles. The oblique
bedding points to currents from the south-south-east, south-west,
or even from other directions. Plints are by no means scarce,

considering the scarcity of pebbles of any kind. If anything, they
are more numerous in the upper than in the lower portion of the
section. The sand is light in tint and contains dark seams of
decomposed coal. Carboniferous rocks furnish the majority of the
pebbles other than quartz, quartzite, and flint. In some of the
gravelly beds shell-fragments are not uncommon. Prom here the
sand extends down the pass until it joins the main sheet in the
Cheshire plain. Good sections are to be seen in Wragg Street
Congleton, and also in the brick-yard near the canal.

Along the western side of the watershed, between Silverdale and
Congleton, many good exposures are to be seen. One of the largest

is just west of Alsager Station. It is worked to a depth of at least
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thirtj^-nve feet. The sand is clean, stratified, and current-bedded,

the more gravelly beds containing flints and shell-fragments.

At Keel, south of the Silverdale Pass, on the watershed, and
again in the pass itself, at Little Madeley, the same gravel is exposed.

At Little Madeley it is eight or nine feet thick, contains sand-beds

and rests upon sand. It contains numerous Palaeozoic pebbles,

flints, and shell-fragments.

Sections in similar gravel have been opened out near Eccleshall.

The sand and gravel with shell-fragments and flints occurring

below the Boulder-clay at Wolverhampton, I also regard as Chalky
Gravel.

Eeferring to these deposits, the Kev. W. S. Symonds says * :

—

"There are fossiliferous sands and gravels near Bushbury Hill,

which were excavated during the railway-cuttings, and from which
the Eev. "W. Lister obtained a series of shells similar to those

obtained by Mr. Marr near Buildwas, on the Severn. Among them
were Astarte arctica, Cyprina islandica, Nassa^ TurriteTla, Purpura^

and many others common to our British Seas."

lY. J^EWER Pleistocene Epoch.

1. Interglacial River-gravel.

2. Later Pennine Boulder-clay.

The evidence furnished by the deposits of the two previous epochs

favours the assumption that, up to the close of Middle Pleistocene

times, the area under consideration was uninterruptedly submerged
to a greater or less extent. "We have have also seen that during

the Older Pleistocene epoch the glaciers originated in our British

hills ; whereas during the succeeding epoch they advanced over the

country from the north-east almost regardless of local contour. If

any interruption did occur in this submergence it was in the interval

which separated these two series.

The deposits of Newer Pleistocene age now to be considered

indicate the first signs of subaerial erosion and the consequent

formation of river-gravel, a state of things which has, with the

interpolation of one or perhaps more cold periods, existed to the

present day.

During this stage the rivers cut down their valleys through the

older Boulder-clays and sands to within about twenty feet of their

present depths, and left their gravels stranded as terraces at various

heights above their present courses.

Upon these interglacial gravels, or upon the older rocks, there

frequently rests a Boulder-clay, sometimes reaching a considerable

thickness. The rock it rests upon is always much contorted or

broken. Unlike the earlier Boulder-clay it is conformable to the

surface-features produced by the subaerial erosion of the previous

stage. The direction of the ice-flow and the nature of the erratics

* Records of the Rocks.
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distributed over the face of the countrj- indicate a period of cold

during which glaciers came once more from the Pennine Hills. The
erratic boulders of this stage distributed over the westerly portion of

Staffordshire show that the climate was sufficiently severe to cause

the combined Scotch and Cambrian glaciers to invade the westerly

portion of the Trent basin. I have only been able to show the

existence of one period of glaciation during this epoch, but there

might have been two or even more, separated by considerable

intervals of time. The impossibility of settling this point is due to

the lithological similarity which would exist between the several

deposits in spite of their different ages.

I have not been successful in finding freshwater shells in the

Interglacial Eiver-gravel ; but the evidence I shall be able to adduce

when that stage comes to be considered in detail, justifies me in

regarding them as being due to river-action.

1. Interglacial River-gravel.

All the deposits T have described as belonging to the two previous

epochs were formed during one continuous period of submergence.

No doubt there were considerable oscillations in the depth of this sea

from time to time ; but no break seems to have occurred during

which alluvial gravels and sands were formed until we reach the

present stage.

The light thrown upon the contour of the preglacial land-surface

by the deposits previously described is of a very scanty nature
;

indeed nothing of Newer Pliocene age has yet been found. What
evidence there is, is furnished by the presence of Older and Middle
Pleistocene Boulder-clays at tolerably low levels, at some few points

in the vicinity of the present watercourses.

At Sheldon Wharf (fig. 1), a few miles south of Derby, Older

Pleistocene Boulder-clay rests upon Keuper marl within 40 or 50
feet from the bottom of the modern valley of the Derwent. North
of Swarkestone the Chalky Clay also plunges down to a low level in

the valley, which is here that of the Trent. As a general rule, the

Boulder-clays of Older or Middle Pleistocene age will be found to

occupy lower and lower positions in the valleys the nearer they

approach the present watercourses. It would therefore seem that

the broader features of hill and valley were sketched out in pre-

glacial times, and that Newer Pleistocene erosion has, after removing
the greater portion of the older Boulder-clays from the low-lying

areas where they occurred, commenced to widen and deepen the old

valleys.

Considering the great thickness of loose sand and gravel which
has escaped destructiop by the glaciers of the Pleistocene period, it

might seem strange that no trace of preglacial river-gravel is now
to be found, so far as I am aware, in the Trent basin. For my own
part, I am inclined to believe that the Newer Pleistocene erosion, the

traces of which are now to be considered, has been so great, and
has been carried on so nearly along the lines of the old valleys,
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that not only have the Boulder-clays and associated deposits been
removed, but the old river-gravels which lay beneath them have
shared the same fate.

The Interglacial Eiver-gravel occupies terraces at various heights

along the valley of the Trent and its tributaries. I have not traced

it in detail out of South Nottinghamshire and South Derbyshire,

but no doubt it occurs in equal profusion at other points. The
sketch map (fig. 1) shows the distribution of the deposit in sheet

71 S.W.
The long period of submergence brought to a close at the end of

the Chalky-gravel stage, by the emergence of the area of the Trent
basin above the level of the sea, gave rise to the formation of river-

gravels, which at high levels are difficult to separate from the
previous marine deposits, owing to the absence of molluscan remains,

and also to the disturbance they have suffered by subsequent
glaciation.

Unfortunately no freshwater shells have been found in the Intergla-

cial Eiver-gravels ; but these gravels present so many characteristics

common to river-deposits, and differ so markedly from the Chalky
Gravel, that there can, I think, be little doubt about their origin.

The main proofs of their interglacial age will be given when the Later
Pennine Boulder-clay presents itself for consideration. They generally

have a rusty-red, compact appearance, which gives them a look of

great age* From their upper surfaces contortions frequently extend

downwards, until the rock upon which the gravel rests is bent,

broken, or even torn up. Unlike the Chalky Gravel, which forms

banks or sloping beds of varying thicknesses, the interglacial alluvium

runs for miles in nearly flat terraces of considerable width at almost

constant heights above the more modern river-deposits. In many
instances the gravel or sand is finely false-bedded in a direction

indicating currents down the valleys. A close relationship also

subsists between the thicknesses of these deposits and that of the

alluvial gravel now being formed by the rivers. It would thus appear

that the interglacial rivers were nearly similar in volume and depth

to the modern streams ; for when the gravels have not been much
eroded by Later Pennine ice, the postglacial and interglacial deposits

are of similar thicknesses.

In the Dove valley Interglacial Eiver-gravel occasionally over-

looks the river from considerable heights.

Near the Yelt Farm, east of Uttoxeter, about eight feet of highly

contorted gravel, with flints and beds of sand, forms a terrace at a

considerable height above the stream.

Still further to the east, Poston Hall stands on a similar terrace,

at a height of 30 feet above the modern plain. The gravel is exposed

in two pits, one to the east and the other to the west of the park.

A high-level deposit of rusty-red gravel, with occasional seams of

sand, occurs to the east of Hilton. Two sections may be seen

—

one to the north of the village, and another on the highroad to the

east. At this point the thickness exposed is about 10 feet. The
whole of the surface-portion is considerably disturbed, the confusion

frequently descending several feet.
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Another large stretch of similar gravel covers the high land north

of Eggington. The railway-cutting east of the station passes through

this deposit, and two fine sections are exposed south of the point

where the railway crosses the Burton Road.

In the valley of the Trent, and capping or resting upon the

southern side of the low range of hills forming the northern escarp-

ment of the river between Pindern and Weston, there are long

patches of high-level river-gravel, evidently formed by currents

running from higher to lower levels down the valley. There are

three distinct patches forming, not including breaks, about, two miles

and three furlongs of terrace reaching a breadth of about three

hundred yards. This gravel is the most elevated interglacial deposit

of the Trent I am yet cognizant of. It rests at a height above the

river considerably in excess of the Older and Middle Pleistocene

Boulder-clay at Sheldon and Swarkestone. From this it would
appear that when the Trent first began to excavate its Newer Pleis-

tocene valley, it flowed over a considerable thickness of Boulder-

clay which had been deposited during the two previous epochs.

The most westerly patch of gravel extends for about half a mile

along the hill-top in an easterly direction from Stenson Lock. Two
exposures occur, one at each end of the deposit. The most westerly

section shows about 15 feet of stratified gravel, with beds of sand.

Towards the centre of the section the sand beds reach a considerable

thickness, and, by their oblique bedding, indicate currents down the

valley. Flints are extremely numerous, occasionally as large as

thirty-two pound shot. They were probably derived directly from
the Great Chalky Boulder-clay to the west, over which the river was
at that time running.

The next portion of this high-level terrace extends for about a

mile from Barrow Old Elm to Swarkestone Lowes. At its western

end it rests against a small outlier of Chalky Clay, the presence of

which was ascertained by boring when mapping this patch of gravel.

About the centre of the deposit, on the east side of the road leading

from Sinfin Moor, a gravel-pit shows it to be a red stratified gravel

with sand beds.

The easterly patch rests upon the sandstone near Weston-on-
Trent, and extends from Weston Cliff across the railway for nearly

a mile in a north-easterly direction. Two good exposures may be
seen—one near the cliff, and another just north of the railway. The
height of the upper surface of the gravel is here about 74 feet above
the present fiood-level of the Trent.

A still lower terrace may be traced from a point a little to the
south-east of the church, and through Weston to within about half

a mile of Aston. There is a small exposure at the southern

extremity, not far from the church, and another to the west of the

road at the north end, on the line of section, fig. 3. In both these

terraces the steep escarpment which once overlooked the river has
been obliterated by the glaciers of the succeeding epoch ; but the

steep bank and almost horizontal floor against and upon which the

gravel rests yet remain.

A still lower series of terraces (similar to those I have noticed in

aJ.G.S. No. 168. 2x
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the valley of the Dove) occupy very considerable areas both in the

Trent, Derwent, and Soar valleys. These lower terraces of Inter-

glacial River-gravel, or the gravelly moraine of the Later Pennine
Boulder-clay stage which has been formed on them, overlook the

postglacial deposits of the Trent and other valleys by a tolerably

steep escarpment, from 20 to 30 feet high (shown in fig. 3).

South of Burton-on-Trent, between Wichnor and Barton-under-

Needwood, a terrace about 50 feet above the alluvial plain of the

Trent is covered by highly contorted gravel. At Wichnor a section

shows 7 feet of gravel, with red sandy seams resting upon and
contorted into Keuper marl. In some parts of the pit large tongues

of marl rise in the gravel to a height of 6 feet at least, or are even

torn up and mixed with the gravel. The contortions are evidently

due to the forcible propulsion of the gravel over the marl. Plints are

tolerably numerous. Similar sections may be seen at Barton Green.

A large crescent-shaped terrace of gravel about half a mile broad

stretches from Willington to Stenson Lock. The only section is a

shallow one to the south-east of the " Dog Inn."

Prom Willington the escarpment of this terrace runs in an almost

unbroken line along the north side of the Trent valley, past

Swarkestone, Weston, Aston, and then up the valley of the Derwent
past Elvaston, Alvaston, and Osmaston, to Derby.

Between Weston and Aston a still lower patch of gravel than

the two higher ones I have previously noticed borders the edge of

the escarpment shown in fig. 4 ; but there is no good exposure.

By far the largest outspread of Interglacial Biver-gravel stretches

along the south-west side of the Derwent valley, south of Derby.

Sections are scarce, but in some excavations on the London Bead,

near the Derby Infirmary, the gravel was met with after passing

through seven or eight feet of pebbly morainic clay. The gravel

was much disturbed.

Near Alvaston church a gravel-pit on the edge of the escarpment

shows a rather poor section of reddish gravel with an occasional bed

of sand. The pebbles are quartz and quartzite, fiint and chert.

On the north-east side of the valley of the Derwent gravel of

similar age and appearance also spreads out in extensive terraces.

A small patch occurs near Borrowash station. Here the railway-

cutting has been excavated through the feather edge of the gravel

capping the escarpment. Not far from the station an exposure may
be seen in a gravel-pit on the roadside.

A much larger patch of Interglacial Eiver-gravel extends, with a

breadth exceeding half a mile, from Draycott past Breaston to

within half a mile of Long Eaton. On the river-side it is bounded

by a steep continuous escarpment of considerable height. Only one

rather poor exposure of the gravel is to be seen in a pit to the east

of Breaston.

Between Trent and Nottingham the only patch of this gravel

which has escaped destruction by postglacial erosion lies on the hill-

side at Beeston. Several good sections may be seen. The deposit

has been well described by Mr. Shipman in a paper read before the
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Nottingham Naturalists' Society in 1879. He says: —" It is best

seen, however, in a large ballast-pit, off Stony Street, Beeston, where
it consists of well-rounded pebbles interbedded with thin seams and

fig. 4.

—

Contorted Inteir/lacial River-gravel^ Gamston, near

Nottingham.

H-

broad irregular bands of dull brown sand. The bedding is mostly

horizontal ; but in some parts, where the sand beds are interwedged

with the gravel, they slope (and are current-bedded) towards the

south-east, indicating that the water which brought the sandy sedi-

ment came from the north-west. The pebbles are chiefly quartz

and quartzites, but there are besides pebbles and boulders of Coal-

measure sandstone, chert, Lower and Upper Keuper, while about

10 per cent, are flint chips, with a few perfect flints. The drift,

which is here from twelve to fourteen feet thick, is seen resting on a

level floor of Bunter pebble-beds. The section in the gravel-pit

shows signs of having been disturbed by some force acting laterally

in such a way that in some parts where the gravel is bedded the

alternations of sand and gravel have been squeezed into folds and
sharp convolutions." The deposit is about a quarter of a mile in

width, and extends from Chilwell as far as Tottle Brook, along the

north-west side of the highroad.

Another large crescent-shaped patch of gravel occurs at Gamston,

south-east of Nottingham. This deposit extends from a point a

little to the west of the canal, in an easterly direction about

half a mile beyond the "]Eox and Crown." It is breached by a

small brook near Gamston, and also by the Thurbeck river. Two
sections may be seen—one in the village of Gamston (fig. 4), where
the gravel is highly contorted, and another west of the " Pox and

Crown."

2. Later Pennine Boulder-day.

The mild climatic conditions which for such a considerable period

obtained dnring the deposition of the Interglacial River-gravel again

gave place to an arctic climate, and glaciers once more formed in the

higher valleys and advanced to considerable distances over the

surrounding lowlands. From the wides])read distribution of the

Boulder-clays thus formed, and the distant erratic boulders they

contain, this stage must have been one of confluent glaciers and
great cold.

2k2
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Though I have named it the Later Pennine Boulder-clay stage, it

must not be supposed that Pennine rocks always form a large per-

centage of the deposit ; indeed it is frequently almost wholly formed
from the subjacent rocks, with the addition of a few Pennine, Cam-
brian, or even Cumbrian erratic boulders. My reason for calling it

Later Pennine is more to mark the return of local ice- action, inter-

rupted during the Middle Pleistocene epoch by the formation of the

Great Chalky Boulder-clay, than to indicate its lithological charac-

teristics.

The deposits formed during the Later Pennine Boulder-clay stage

resemble those of Older and Middle Pleistocene times in having been
formed by ice which came from the same quarter, but they differ

from them in many other most important respects. The Older

Pleistocene Boulder-clays are partly sedimentary, while these later

deposits are almost entirely unstratified, and when pebbles or boulders

occur, a fair percentage of them are of flint. During the Middle
Pleistocene epoch Cretaceous rocks were not carried many miles up
the northerly tributaries of the Trent, so that in these valleys this

test for age is not always available.

Whenever the rocks upon which the Boulder-clay rests are exposed

they are seen to be more or less contorted. Sometimes this crushing

has not been sufficient to entirely obliterate their stratification and

convert the rock into a morainic Boulder-clay. These signs of

disturbance in many cases become so great as they are traced

horizontally, that the rock passes into true moraine ; and when this

is so, the Boulder-clay passes into contortions both horizontally and
vertically. It is therefore evident that the contortions seen in

the surface-portions of so many sections are of the same age as the

Later Pennine Boulder-clay, and were formed by the same ice-sheet.

Unlike the earlier deposits, these subglacial moraines are strictly

conformable to the major features produced by the previous inter-

glacial erosion, and in this respect offer a marked contrast to the

preceding formations, which may be described as generally conform-

able to the preglacial land-surface, and to have had the more modern
valleys, in which the Later Pennine Boulder-clay occurs, excavated

through them.

In many cases it is scarcely correct to call this moraine a

Boulder-clay; for it is occasionally quite free from clay, consisting

of gravel and sand so disturbed that all traces of original stratifica-

tion, if they ever existed, have been destroyed.

All the Boulder-clays and gravels from the Early Pennine down
to the Interglacial River-gravel have been crushed at the surface or

even partially converted into newer Boulder-clay. Flints have by
this means been introduced to considerable depths into the surface-

portions of non-flinty deposits. It is therefore never safe to say

that that rock is present in a Boulder-clay when found near the

surface, until it has been positively ascertained that the section

shows 'no traces of disturbance by Middle or Newer Pleistocene ice.

In addition to the evidence furnished by the presence of erratics,

the direction in which the ice-sheet moved is indicated by the trend
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of the furrows aud ridges of the contortions, or the direction in

which the underlying rock has been trailed.

The Later Pennine Boulder-clay and contortions of the same age

are scattered over the greater part of the Trent basin, and attain

their greatest development in the iuterglacial valleys, or on the more
elevated plateau-like areas. In postglacial times the clay was
carried away from large districts by river-action, or denuded from
the steeper slopes by ordinary atmospheric influences ; it is now
found where the land is tolerably flat, and might be passed over in

the absence of boulders, or when the rocks beneath it are tolerably

uniform in character or show no very evident traces of bedding.

The absence of pebbly or sandy beds in the neighbourhood immedi-
ately to the north or west also contributes much to this result.

Many geologists express themselves very doubtful as to whether
ice-action has really in any way contributed to the formation of the

contortions and masses of unstratified pebbly clay, preferring to

attribute their existence to a slow soil-cap motion or the disturbing

action of roots. IS'o doubt the feeling arises from a knowledge that

it is always unsafe to attribute the existence of any phenomenon to

the action of an agency which is little understood. I have kept

this well in view, but after a careful examination of many hundreds

of sections, I see no reason whatever to doubt the glacial origin of

the contortions and stony clays.

Of the reasons which have led me to this view, the following are

among the more important :

—

1st. The trend of the ridges and furrows of the contortions

seldom shows any dependence whatever upon the direction of the

slope. In many instances the action has been down the valley at

right angles to the slope of its sides.

2nd. In some cases a movement up the slope is indicated.

3rd. The contortions are equally well developed on flat areas.

4th. On the steeper slopes formed by postglacial erosion contor-

tions are quite absent, the only effect of the angle and exposure

being to slightly dip the beds towards the valley.

5th. When the contorting force has faulted gravels, the quartz,

quartzite, and flint pebbles along the line of disturbance are fre-

quently fractured, the fragments remaining in close juxtaposition.

6th. The displacement and breaking up of massive rock-beds also

points to the action of a powerful agency.

7th. The contortions are exactly similar to those beneath the

older Boulder-clays.

8th. The direction of the ice-flow, as indicated by the trend of the

ridges and furrows, is corroborated by the origin of the included

erratics.

9th. Well-striated erratic boulders sometimes occur in the surface

Boulder-clays.

10th. All traces of contortion are absent from postglacial river-

gravels, even where they occupy terraces as much as fifteen feet

above the valley-bottoms, the terrace shown in fig. 3 always

separating the newer from the older contorted gravels.
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nth. The present atmospheric agencies are not forming, but are

destroying such deposits.

12th. The major axes of the pebbles frequently coincide with the

trend of the furrows and ridges.

All these physical peculiarities point to ice, glacier ice, as the

agency to which they owe their existence. In some few cases the

contortions appear to have been formed by the neve which collected

on the hills before the cold conditions finally passed away.

As mentioned before, there is nothing to prove that the deposits I

shall describe in this stage might not have been formed during more
than one interval of cold occurring while the deposition of the Inter-

glacial River-gravels took place. If such had been the case the

morainic clays thus formed at different periods would be too much
alike, both as regards lithological character and mode of occurrence,

to be now distinguishable the one from the other.

That such a widespread deposit should be generally so thin, and
that the ice which formed it should have accomplished such a

moderate amount of work, judging by the deposits it has left behind

it, as compared with some of the earlier glaciers, will perhaps be

urged against my contention that this was a period of great cold and
confluent glaciers. Its comparative thinness may be accounted for

by the fact that, where I have seen it in the Trent basin, the deposit

is either wholly subglacial or subaerial. Some geologists have even

gone so far as to argue that no deposits whatever of Boulder-clay

are ever formed beneath ice-sheets, their action being considered

entirely erosive. On the other hand, others have adopted an equally

extreme view both as regards their aqueous and subglacial origin.

The truth probably lies somewhere between these extremes, and it may
be that instead of the subglacial moraine being entirely mythical, it

more frequently occurs as a moderately thin Boulder-clay similar to

the one now to be dealt with.

In Staffordshire the Later Pennine Boulder-clay contains Pennine,

Cumbrian, and even Cambrian erratics ; while in Nottinghamshire

and Derbyshire the boulders are almost wholly either of Pennine or

local origin. South of these counties it is generally more scantily

developed. I shall therefore first notice its mode of occurrence in

Staffordshire, then trace it through Derbyshire and Nottinghamshire

and finally south into Leicestershire.

Mr. D. Mackintosh describes several Staffordshire sections of

Boulder-clay. At one time he was inclined to believe that they

belonged to a later stage than the Chalky Clay ; but in a recent

paper they are regarded as its westerly continuation. Por many
reasons I am inclined to believe that his early view was the more
correct.

In Wolverhampton itself there are several exposures. In these

sections the deposit, which is of no great thickness, consists of local

rock, very much broken and disturbed, together with pebbles and
boulders of distant origin.

West of the Cemetery it is worked to a depth of five or six feet.

Here and there it contains intruded masses of sand, and, in addition
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to pebbles and boulders of local rock, flints aud granite. In the

Cemetery itself an excavation passed through reddish Boulder- clay

containing masses of sand with shell-fragments. In an old pit close

by the Boulder-clay rests upon shelly sand over which it has been
forcibly thrust.

Where the Chalky Gravel rests upon, or has been formed in the

immediate vicinity of, Chalky Clay, it contains numerous large

boulders derived from that deposit. In Staffordshire they are much
more scarce in the Chalky Gravel, the erratics mentioned by Mr.
Mackintosh belonging, almostwithout exception, to the Later Pennine
Boulder-clay. With regard to this point the Rev. W. S. Symonds
remarks*, " I have observed one peculiarity as regards this sand and
gi'avel and fossiliferous drifts in several localities, as near Wolver-
hampton, near Shrewsbury, and in Yorkshire : it is that they often

have large boulders lying immediately above them, or on their

upper surface, as if the boulder erratics had been deposited after the

accumulation of the shell-bearing sands and gravels." This state-

ment describes their general mode of occurrence, the Chalky Gravel

with its boulders and pebbles having been formed by the marine
denudation of the Chalky Clay, and the Later Pennine Boulder-

clay, with its large erratics, by the glaciers which entered the Trent

basin from the surrounding mountainous districts to the north and
west.

South of Penkridge about five feet of highly contorted sandy
Boulder-clay rests upon disturbed red marl. Boulders are numerous,
many of them of rocks entirely foreign to the district.

A stone-quarry near Brewood Parm, excavated in Keuper sand-

stone, which here contains footprints of Lahyrinthodon^ shows the

upper five or six feet of red marl mixed with pebbles and sand and
converted into a morainic clay.

Not far from Penkridge another interesting exposure may be

seen. Pebbly sand or clay, three or four feet thick, here covers red

marl, which in its turn rests upon beds of massive fine-grained sand-

stone. Below the red marl the sandstone layers are violently

disturbed and broken, the red marl being thrust into the crevices

between the displaced blocks. It is evident from the section that

the disturbing force passed over a surface whose contour corre-

sponded very nearly with the present one, the modern streams having

only excavated shallow valleys through the old glaciated surface.

Between Penkridge and Staff'ord the only exposure I am aware
of is the one at Ash Flat, mentioned by Mr. Mackintosh. The
section shows about seven feet of reddish Boulder-clay. I was in-

formed that for three or four feet beneath the usual working-depth

it is more stony and rests upon sand—probably Chalky Gravel

—

from which the water rises in powerful springs. The clay contains

intruded masses of sand, and besides pebbles of quartz, quartzite,

sandstone, &c., a few flints may be found.

All these sections, occurring as they do immediately to the west
of the South-Staff'ordshire Coal-field, should contain, if they belong

* 'Records of the Eocks.'
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to the Great Chalky Boulder-clay stage, a fair percentage of Car-

boniferous rock-debris ; not only is this not the case, but northerly

and westerly rocks predominate. Indeed the direction of the ice-

flow which formed this Boulder-clay was what we should expect

from the distribution of the present British hills, and not from a

flow from the east or north-east such as gave rise to the Great
Chalky Boulder-clay. The flints were derived from the gravel of

the previous stage. Among the distant erratics Mr. Mackintosh
has detected felstone from Mount Arenig in North Wales, granite

from CrifFel in Scotland, and granite from Esk Dale in Cumberland.
North of Staiford, near the Marl-Pit House, a pit in the Keuper

exposes a layer of reddish Boulder-clay with quartz pebbles and
flint. In some cases the gravelty masses have been thrust into the

marl to a depth of seven feet.

At Walton Heath, near Stone, an excavation shows ten feet of red

morainic Boulder-clay with quartz, quartzite, gritstone, sandstone,

and an occasional flint.

About four miles north-east by east of Stone, in a brick-yard near

the " Bird in Hand,'*' Older Pleistocene Boulder-clay is covered by
about ten feet of red gravelly Boulder-clay with flint.

In East Stafl'ordshire the Later Pennine Boulder-clay may be

seen in many sections ; but the Cambrian and Scotch erratics so

plentifully spread over the west of the country are replaced by
Carboniferous boulders from the Pennine Hills. Along the river-

escarpments the Boulder-clay is generally a deposit formed by the

destruction of old river-gravels, or, on the higher lands, by the

breaking up of Chalky Gravel.

North-west of Uttoxeter a pit exposes nine or ten feet of gravelly

moraine, quite unstratified. The pebbles stand at all angles in a

matrix of red marl. Flints are tolerably plentiful. The boulders,

though generally well rounded, are sometimes quite angular.

South of Uttoxeter, and in the neighbourhood of Abbots Bromley,

many exposures show the Chalky Gravel either partially or wholly

converted into Boulder-clay.

The high-level terrace overlooking the Trent near Wichnor, at a

height of about fifty feet above the river, is capped by about seven

feet of disturbed gravel. In some places the disturbance is so great

that the Keuper marl rises in pointed masses into the gravel to a

height of at least six feet. Sometimes the masses of red marl appear

to have been quite detached from the rock below and imbedded in

the gravel. The deposit extends as far as Barton Green, where

ccood sections may also be seen. As the disturbed gravel is here

almost perfectly horizontal, the contortions could not have been

formed by soil-cap motion.

South of Tutbury, near where the road crosses a brook, half a

mile from Belmott Green, boulders of Mountain Limestone are im-

bedded a few feet deep in the marl. There is a similar but much
larger accumulation of erratic boulders in Mr, Hodge's brick-yard,

near Burton -on-Trent. This pit has been opened out on the side

of a small lateral valley of the Trent formed in interglacial times.
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Thougli the sides of the valley slope with a tolerably steep incline,

its bottom, with the exception of a Y-shaped " dumble," about 15
feet deep, due to postglacial erosion, is rounded. The lower portion

of the excavation, where it cuts into the hill about ten or fifteen

feet above the bottom of the old valley, enters a morainic deposit

of Boulder-clay which clothes the side of the hill to a height of

about fifty feet. In its thickest part it attains a depth of about six

feet. It contains boulders of Mountain Limestone, basalt, sandstone,

(fee. Sometimes it is a mere rubble of limestone chips with quartz-

pebbles and an occasional flint. One limestone boulder measured
5' X 3' X 3' ; and another, nearly as large, was finely grooved and
scratched on one face. Many of the boulders occur scattered over

the face of the section from two to three feet deep in clean marl.

At many other points in the neighbourhood of Burton-on-Trent,

both in Staffordshire and Derbyshire, boulders of Pennine rock

either lie on the surface or are imbedded in the marl a few feet

from the surface.

In South Derbyshire and Nottinghamshire the Later Pennine
Boulder-clay is also well developed.

One mile N.N.AY. of Sudbury, near Oak Green, about 9 feet of red

gravel with sand-beds has been greatly disturbed. It contains

pebbles of flint, quartz, quartzite, chert, toadstone, and gritstone.

In addition to the more or less contorted Interglacial River-gravels

(fig. 4) which have been described as belonging to a previous period,

there are gravels and sands like those on the *' Hill Top," near Ash-
bourne, and at Oak Green, which, though originally aqueous deposits,

have been converted into Boulder-clay. It is difficult in many
instances to be certain whether many of these deposits were origi-

nally of marine or fluviatile origin ; they are now Boulder-clays or,

more properly speaking. Boulder-sands.

High-level Boulder-clay is exposed in a shallow excavation at

Heath House Green, north of Tutbury, and again on the road south-

west of Sutton-on-the-Hill.

ISTorth-west of Derby, along the course of the Markeaton brook,

there extends a long patch of gravel, probably washed down from the

Bunter Conglomerate and converted by Later Pennine ice into unstra-

tified moraine. North of Markeaton, on the west side of the brook,

there is a good exposure ; it is here an indurated, coarse, red, sandy
gravel, exhibiting little sign of original stratification, but containing

a few lenticular beds of sand. A few flints and angular pieces of

Keuper sandstone occur; but the mass of the gravel consists of

quartz and quartzite pebbles. Another exposure, about 11 feet deep,

of the same deposit, may be seen near the Ashbourne road, just

before leaving Derby ; the same almost entire absence of sand-beds

is here shown. Not far off, near Stretton's Brewery, a deep exca-

vation passes through Boulder-clay of the same age, and probably

continuous with this disturbed gravel. The moraine is here at least

10 feet thick, and consists of pebbles stuck at all angles in Keuper
marl. The Boulder-clay stretches, with a thickness sometimes
exceeding 10 feet, over the greater part of the northern and eastern
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slopes of Mill Hill, and also over the interglacial alluvium on the

south-west side of Derby. Many good exposures have been opened
out in excavating for cellars. On the Normanton road, at the top

of Hartington Street, a very good section was shown. About 9 feet

of Boulder-clay, consisting of red marl, with sand, large flints, and
pebbles, rested upon a violently contorted bed of sand in the Keuper.
The Boulder-clay had evidently been thrust over the sand by a force

acting from the west and north.

Cortorted sandy Boulder-clay, with great numbers of flints and
occasional large boulders of Carboniferous Limestone, gritstone, &c.,

caps the western escarpment of the Derwent where it overlooks

Little Chester.

Along the north side of the Derwent, from Borrowash to Long
Eaton, the same gravelly Boulder-clay is extensively spread out.

In addition to several sections at Borrowash and Draycott, a

good exposure may be seen in a brick-yard near Wilsthorp Cottage,

south-east of Risley.

In the Erewash valley, at Stanton Gate, the Later Pennine
Boulder-clay, which is exposed in a brick-yard, has been formed by
the breaking up of the clays of the Coal-measure period. Similar

Boulder-clay was shown in an excavation on the road leading from
the station to Ilkeston. At this spot a thin seam of coal had been

trailed in a direction, as near as could be made out, down the valley.

In the Leen valley, near Nottingham, the Boulder-clay, according

to Mr. Shipman, reaches a thickness varying from 2 to 6 feet. The
deposit was well exposed in sinking wells for new gasholders. At
E-adford the modern alluvium of the Leen occupies a wide trench cut

through the Boulder-clay. Here it is a stiff sandy clay thickly

studded with pebbles ; no regular bedding is visible, the pebbles

lying in the clayey matrix at all angles.

Speaking of the distribution ofthe Boiilder-clay, and after referring

to the existence of older deposits, Mr. Shipman says*, " It was during

the last of these periods of glaciation that the red loamy and pebbly

sand seen along the foot of the south wall of Wollaton Park, and,

indeed, the whole of the drift of the parish of Lenton, appears to

have been deposited. It bears evidence of having been derived from

the grinding down of the rocks by the passage of ice as it descended

from the Pennine Hills across the country in a south-easterly

direction ; for the chief ingredients of the deposit are invariably such

as could only have come from the north or north-west, mixed up
with materials derived from the grinding down of the rocks on which
the deposits rest. Pour or five miles further west, in the neighbour-

hood of Stanton Gate, beyond the Erewash, drift-deposits of this age

assume considerable importance, and betray all the usual signs of

ice-action, such as highly disturbed bedding, in which strata have

been crumpled and puckered and the pebbles squeezed into a highly

inclined or vertical position by the action of lateral pressure ; while

in other spots the drift consists of a heterogeneous mixture of

* ' Geology of the Parish of Lenton.'
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pounded rock-fragments torn up by the advancing ice-sheet, and
crushed and kneaded into a stiff lumpy clay."

Near Radcliff, on the Bingham road, there was some years ago

an excellent section exposing a highly contorted bed of sandstone in

the Keuper. The upper sandy clay and sandstone (fig. 5) had been

Pig. 5.— Contorted Keuper Marl and Sandstone, Radcliff,

near Nottingham.

a a. Sandstone beds ; b. Disturbed Blue Marls ; s. Sandy clay with angular

pieces of sandstone &c. ; h'. Red Marl.

removed by the pitmen from a considerable tract, leaving exposed

a ridged and furrovt^ed surface indicating roughly a flow from about

the west.

Similar deposits may be seen at many points in the Soar valley

and its tributaries.

South of Kegworth Station and east of the highroad there is a

section showing gravel with flints contorted to a depth of 4 feet

into the marl.

South of West Leake, at Gorse Cover, and in clay-pits at Hum-
berston, Barkby, Rearsby, Thurmaston, Barrow, &c., there are similar

exposures.

Boulders of Charnwood rock are scattered over the Keuper rocks

to the north of the Charnwood Hills, and at one point the railway

passes through a cutting in a moraine evidently formed by local

Charnwood glaciers moving in a northerly direction. The section

referred to is to the east of Thringston. Here it is a Boulder-clay,

consisting of angular or rounded masses of Palaeozoic rock from the

south, stuck at all angles in a matrix of Keuper marl. The moraine

is about 12 feet thick, and contains here and there little nests or

beds of sand or pebbles with an occasional flint : otherwise it shows
no trace of aqueous action.

Discussion.

The President said that glacial sections in Eastern and Western
Britain had been much discussed, and consequently Mr. Deeley's
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work in the Midland districts was a most useful contribution towards

the correlation of the Drift-deposits of the British Islands.

Prof. Blake congratulated the Author on the amount of work he

had done. He remarked on the difficulty of determining the dura-

tion of glacial flows. The Drift about Nottingham is very peculiar

and exhibits many varieties ; one form contains igneous rocks

largely, probably from Derbyshire and the west. Beneath are false-

bedded sandy beds ; above comes the Chalky Boulder-clay with
eastern rocks, Chalk, Oolite, and Lias, besides the volcanic rocks,

which may be remanie. Another bed is formed entirely of Car-

boniferous Limestone, beautifully striated. Besides these beds there

are the well- stratified coarse gravels. He had himself never been
able to understand the whole sequence.

Rev. A. Irving inquired about the great range of Boulder-clay

south of I^^ottingham, where it is 70 feet thick, overlying Lias shales.

This Boulder-clay contained Charnwood-Porest rocks, and occasion-

ally Carboniferous Limestone, but was mainly reconstructed Lias.

Dr. HiNDE pointed out that the distinctions between the different

Boulder-clays were unmistakable. He inquired about the evidence

of marine submergence, and noticed that in Bavaria immense fresh-

water beds, gravels of great thickness, had been formed in connexion

with glaciers.

Mr. Teall was imperfectly acquainted with the district, but

could testify to the large amount of careful work done by Mr.
Deeley. " The appearance of the deposits was at first sight most
perplexing, but Mr. Deeley really appeared to have succeeded in

establishing a definite sequence.

The AiTTHOR said that his results were not dissimilar to Prof. Blake's,

all of whose remarks supported the vi,ew8 mentioned in the paper.

He explained the dispersion of the Charnwood-Porest rocks alluded

to by Mr. Irving. The distribution of the Quartzose Sand could

only be explained by assigning to it a marine origin. Mollusca only

appear in the Chalky Gravel along the westerly watershed of the

Trent basin in Staff'ordshire and Cheshire.
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38. On some Derived Feagments in the Longmtnd and jS"ewee

AECHiEAN EocKs of Sheopshiee. By Chaeles Callaway, Esq.,

D.Sc, E.G.S. (Kead June 23, 1886.)

In" my papers on the Arclisean rocks of Shropshire I have touched

upon the evidence of age furnished by inckided fragments. I stated*

that the Longmynd conglomerates of Haughmond Hill contained

pebbles of purple rhyelite similar to the typical rhyolites (Uriconian)

of the Wrekin. In the Uriconian t series itself I had found con-

glomerates X full of rounded pieces of granitoid and gneissic rocks,

evidently derived from a crystalline area of which Primrose Hill, at

the south-western end of the Wrekin, was an undenuded fragment.

I have since been able to enlarge this evidence, and, in order to give

precision to previous conclusions, a series of specimens have been

submitted to microscopic tests.

The Longmynd Rocks of Shropshire largely derived from the

Uriconian Series {Newer Archcean).

The plum-coloured conglomerates and grits of the Longmynd
hills are well known. With the exception of a band of pale-green

slate fringing the area along its eastern margin, they form the chief

mass of the formation. Whatever estimate of their thickness may
ultimately be obtained, there is no doubt that these sediments

represent the washings from a very considerable extent of land.

The conglomerates are sometimes crowded with pebbles of purple

rhyolites absolutely undistinguishable under the microscope from

well-known Wrekin types, and many of the fragments display the

spherulitic and perlitic structures originally described by Mr.
Allport §. Well-rounded pieces of a pale-green felsite are less

common.
The prevailing grits are of a purple colour. Quartz is the most

abundant constituent ; the purple rhyolite comes next. Fragments
of felspar and mica are also seen, and, occasionally, bits of mica-

schist. The proportions of these constituents vary with the locality.

South of Church Stretton the grits contain a large admixture of

materials derived from a granitoid district. In Haughmond Hill,

at the northern end of the Longmynd mass, there is a green grit

(No. 209, m/ra), which would seem to have originated from the

denudation of a region of mica-schist ; but within a hundred yards

is an outcrop of conglomerate packed full of rhyolite pebbles.

One of the typical green slates (No. 211) has also been micro-

scopically examined. The rock is apparently of mixed origin ; it

contains minute fragments of quartz and mica ; but Prof. Bonney,
who has been kind enough to look through my slides, writes :

—" It

* Q.uart. Journ. Geol. Soc. 1879, vol. xxxv. p. 661.

t These rocks may be Pebidian, but, in the absence of positive proof, a local

term is convenient.

\ Quart. Journ. Geol, Soc. 1879, vol. xxxv. p, 654,

§ Ibid. 1877, vol. xxxiii. p. 449.
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is very probable, as you suggest, that the materials "' (of this slate)

" may have been partly derived from old rhyolites."

The following is a condensed description of a series of slides cut

from typical varieties of rocks of the Longmynd series, usually

regarded as Lower Cambrian, and certainly not younger. The
quotations are from notes furnished by Prof. Bonney :

—

201. Pebble of conglomerate at Oak's Hill, near the western

margin of the Longmynd area. Purple rhyolite, " devitrified, fluidal

structure well shown."

202- Pebble from the conglomerate at the summit of the Long-
mynd, S.E. of Ratlinghope. Devitrified rhyolite, crowded with
spherulites, " traces of perlitic structure (anterior to devitrification)

exhibited here and there in the interspaces of the groups of spheru-

lites."

203. Pebble from conglomerate, Haughmond Hill, N.E. of

Shrewsbury. Occurring in association with a great majority of

pebbles of the purple rhyolite. Pale-green compact felsite.

Regarded as probably a " devitrified obsidian."

204. Pebble from same conglomerate as Ko. 202. Pale-green

quartz-felsite, with perlitic structure. Prof. Bonney notices " indi-

cations of flow-brecciation."

205. Coarse purple grit above great conglomerate, Haughmond
Hill. Composed of bits of quartz, purple rhyolite, mica- schist, and

felspar. " Pull of fragments of volcanic materials, many of them
bits of scoria," the majority of the fragments belonging to the
'' acid series of volcanic rocks."

206. Purple grit, Aston-on-Clun. Mostly quartz, but a few bits

of felspar and of rhyolite. Largely derived from granitoid rocks.

" One fragment resembles a chip of mica-schist."

207. Very typical plum-coloured grit from the head of Cardingmill

Glen, west of Church Stretton. " Volcanic materials of the usual

type abundant." Prof. Bonney also agrees with me that bits of

mica-schist are probably present. I may add that I have found

pebbles of mica-schist in the overlying conglomerates.

208. Speckled grit. West of Hopesay Common. Composed of

quartz, felspar, and a small proportion of volcanic fragments.

209. Pale-green grit, Haughmond Hill. Bits of quartz and

felspar, with mica and a small proportion of felsite. " Suggests

partial derivation from a mica-schist."

211. Typical pale-green slate, Haughmond Hill. Noticed above

(p. 481).

It may be safely concluded that, during the deposition of the

Longmynd series, the adjacent lands were largely composed of

purple rhyolites, pale-green felsites and quartz-felsites, granitoid or

gneissic rocks, and mica-schists. The Archaean age of the Wrekin

volcanic series, to say nothing of the metamorphic rocks, thus receives

ample confirmation. As the strike of the Uriconian is almost

uniformly east and west, while the strike of the Longmynd rocks is

steadily totheS.S.W., there would appear to be a considerable break

between the Archaean and Longmynd periods.
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The Uriconian Series partly derived from pre-existing rock-groups.

Conglomeratic beds containing rounded fragments of granitoid

rock are found in the very core of the Wrekin axis, for example, in

the large quarry at Lawrence Hill ; but the conglomerates of

Charlton Hill furnish a great variety of well-worn pebbles of pre-

existing rocks, chiefly metamorphic. It will be well, in this place,

to review the evidence for the Archaean age of these interesting

strata.

On the top of Charlton Hill the conglomerate appears in several

small outcrops which lie approximatel}^ in a line running east and

west ; but no clear bedding is visible at this spot. A few feet to

the north, we find ordinary gritty and slaty rocks of the Wrekin
series, and in the adjoining field and lane there are numerous
exposures of typical volcanic grit. A few yards to the east of the

conglomerate ordinary Wrekin rock also occurs ; but the decisive

section is in the hollow lane to the south. In the northern bank is a

weU-marked band of pebbly grit, with a clear dip to the north at 80°.

This is the usual dip of the Uriconian series as regards direction,

but the angle is exceptionally high. The contained fragments

(No. 200, infra) of this bed are similar to those in the chief conglome-

rate, but smaller. The ordinary volcanic rocks overlie and underlie,

and a little lower down the road the underlying beds are overlain in a

very clear section by quartzite, dipping south-easterly at about 50°.

The rocks between the grit and the quartzite are exposed in

unbroken series, so that evidence of unconformity between the two
groups is complete. The relations between these volcanic rocks and
the quartzite are the same as at the Wrekin, and as the former are

lithologically similar to the ordinary Wrekin grits and dip in the

same direction, there is no reasonable doubt that the Charlton

conglomerates are of Uriconian age.

The following descriptions are of slides from the chief conglo-

merate at the top of the hill, except No. 200, which is from the

pebbly grit in the hollow lane. Fragments of rhyolite are found

in all the specimens ; but as these result from contemporaneous

denudation, they will not be further noticed. Most of the pebbles

show very clear rounded outlines under the microscope :

—

195. Fragments of granitoidite, quartz-sehist, and a crystalline

rock consisting of decomposed felspar, quartz, and chloritic minerals.

196. Granitoid rock, quartzite, and vein qnnrtz. Prof, Bonney
considers that the fragments of the first-named variety have " under-
gone crushing and been recemented with secondary quartz previous

to their conversion into pebbles."

197. In addition to some of the above varieties, this slide contains

an angular fragment of argillite and one of grit, composed of bits

of quartz and quartzite in a matrix of micaceous material. This

grit strongly suggests the " mineralized grit," which I described in

my paper on Donegal * as characteristic of the Lough-Foyle series.

198. Fragments of the altered grit, quartzite, quartz-schist, and

^ Quart. Journ. Geol. See. 1885, toI. xli. p. 231.
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gneissoid rocks. Prof. Bonney considers that one of the last-named
varieties " almost certainly exhibits a gneissoid structure due to

crushing and cementation anterior to the making of the pebble.*'

199. Some of the above kinds, with mica-schist and a banded
gneiss. In this slide, as in one or two of the preceding, is a rock

consisting of a little quartz, some decomposed felspar, and a large

proportion of a chloritic mineral. It reminds me of some altered

diorites I have seen ; but Prof. Bonney declines to decide whether
it is igneous or metamorphic.

200. Pebbly grit, containing fragments of the altered grit, quartz-

schist, and mica-schist, as before.

These specimens point to the pre-existence of metamorphic rocks

of three types :

—

(1) Coarse-grained gneissic and granitoid rocks like those in the

Wrekin chain, at the Ercal and Primrose Hill, and in the Malvern
HiUs.

(2) Quartzites, quartz-schists, and mica-schists of characters

intermediate between (1) and (3)—that is to say, of finer grain and,

in the case of the schists, of clearer foliation than (1)—but exhi-

biting no trace of an original clastic structure. Comparing them
with rocks with which I am personally acquainted, I find they most
closely resemble some of the schists of the Kilmacrenan series * in

Donegal, and certain types which I have recently examined in

Connemara.

(3) Hypometamorphic grit. The clastic structure in this rock is

quite distinct ; but the matrix has been more or less altered into

crystalline minerals. Omitting cases of contact metamorphism, I

do not know of any rocks of this kind except amongst the newer
Archsean series of Anglesey, the Lough-Eoyle group, and some of

the Archsean rocks near Wexford. I have also detected at "Westport,

CO. Mayo, altered grits which suggest this rock.

The occurrence of rounded fragments of this grit in the Charlton-

Hill conglomerate cannot be a case of contemporaneous denudation,

since, on every probable theory of metamorphism known to us, the

alteration could not have been produced at the surface. That the

change took place subsequent to the inclusion of the pebbles in the

conglomerate is improbable, for the matrix of the conglomerate

itself does not display mineralization. The presence of this grit in

an Archsean conglomerate is a datum of great interest.

The bearing of the above facts upon the Archsean controversy is

obvious. In the Shropshire area, in times anterior to the Cambrian,

there existed, in addition to the volcanic series, three groups of

rocks displaying a close lithological resemblance respectively to (1)
the Hebridean and Malvernian gneisses

; (2) the intermediate

schists of Ireland, Sutherland, and Anglesey ; and (3) the hypo-

metamorphic grits of Anglesey and Ireland. All of these Salopian

rocks had undergone more or less metamorphism prior to the

outburst of the later Archaean volcanoes. The Charlton-Hill con-

* Quart. Journ, Geol, See. vol. xh. p. 230.
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glomerate does not indeed prove that all the altered rocks of Ireland

and the Highlands are Archaean ; but the evidence it furnishes

deserves consideration.

It will be seen from the following note, which the writer kindly

permits me to publish, that Prof. Bonney is in substantial accord

with my identification of the fragments in the conglomerate and
with the inferences based upon them :

—

'^ Your slides confirm the anticipation raised by my own specimens

of the Charlton conglomerate, that it would be found to contain

fragments of schists of a newer type than we might expect to find

among the typical Malvernian rocks. Coarse granitoid rocks, some-

times consisting mainly of quartz and felspar, sometimes containing

a fair amount of green minerals probably replacing hornblende or

augite, are common. These may in some cases be true igneous rocks,

but others exhibit structures allied to the gneisses—in short, they

oifer the same difficulties that we generally find among the roekt^

which, when we can settle their stratigraphical position, we know
to be of great antiquity. The fragments are such as we should expect

to obtain from rocks similar to those exposed at either end of the

Wrekin and in the Malvern chain. But besides these there are

schists, quartzose and micaceous, which remind me of those which
occur at higher horizons in Scotland and in Anglesey, and in the

uppermost group of the true schists in the Alps. In addition to

these we have quartzites and grits, exhibiting a certain amount of

metamorphism, also an argillite, and varieties of rhyolitic rocks,

suggestive of a volcanic origin."

Discussiois-.

The President remarked on the difficulty, as a general rule, of

identifying pebbles in a conglomerate bed, though there are doubt-

less some rocks of such striking characteristics that identifications of

this kind may be made with a high degree of probability.

Professor Hughes quite agreed with the Author that there was
abundant evidence from the masses of Archaean now seen in that

district that the rocks exposed there in Pre-Cambrian times con-

sisted of granitoid rocks, felstones, and various schists. He had
himself found pebbles of granitoid rock in the conglomerate of

Charlton Hill ; but he thought that the Charlton-Hill conglomerate

was the base of the Cambrian, and could not understand the Author's

argument if he called it Archaean.

Prof. Bonney said that the most characteristic varieties of the

Lea rock had not been and were not likely to be found, but rocks

similar to the devitrified pitchstones of the district were abundant.

He was under the impression that the Charlton-Hill conglomerate

was Pre-Cambrian, at least that it was older than the quarizitCy

and was not immediately connected with the volcanic rocks of

the Wrekin. The speaker explained Dr. Callaway's views, and
showed the resemblance of the fragments found in the Charlton-Hill

conglomerates to rocks occurring in the Malvern series and some of

the Archaean rocks occurring in the Alps and elsewhere.

Q.J.G.S, No. 168. 2l
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39. Notes on the RELATioj^fs of the Lincolnshiee Caeston^e. By

AuBEET Strahan, Esq., M.A., P.G.S., H.M. Geological Survey.

(Eead June 23, 1886.)

(Communicated by permission of the Director-General.)

The Carstone of Lincolnshire lies immediately below the E,ed Chalk,

and rests upon the fossiliferous clays and limestone known as the

Tealby Beds. The Tealby Beds were described in detail for the

first time in 1867 * by Professor Judd ; and their relations to the

Speeton section, and to beds of the same age throughout Northern

Europe, were discussed in 1870 f by the same observer. In 1883
the survey of the district was completed, with the result of

verifying in almost every particular the conclusions which had been

so ably worked out by Professor Judd. On one point only I

ventured to form a somewhat difierent opinion, namely on the

relations of the Carstone to the Bed Chalk above and to the Tealby

Beds below.

The following table gives (in brief) the correlations advocated

by Prof. Judd, and shows also the names of the various sub-

divisions which have been adopted for the Survey publications, and

which win be used in this paper :

—

Judd.
Yorkshire.

Judd.
Lincolnshire.

Survey Nomenclature.
Lincolnshire.

Gault Hunstanton
red rock.

Hunstanton
red rock.

Red Chalk.

Carstone.

% r LTpper Ironstone and Clay.
f^

J Tealby Limestone.
^A Tealby Clay.

'^ [_ Lower or Claxby Ironstone.

Spilsby Sandstone.

Neocomian J

Middle
\

Neocomian J

Lower 1

Neocomian j

Uncon formity.

O

(D

1

(^ Clays, &c.

Clays, &c.

^ Clays, &c.

Upper Sands

Tealby Series.

Lower Sands and
Sandstone ?

The Carstone, which was doubtfully correlated with the Upper
Neocomian of Speeton, was believed by Prof. Judd to be quite

unconformably overlain by the Bed Chalk. This theory of an

* *' On the Strata which form the Base of the Lincolnshire Wolds,
Journ. Geol. Soc. vol. xxiii. pp. 227-251.

Quart.

t " Additional Observations on the Neocomian Strata of Yorkshire and
Lincolnshire, with Notes on their Eelations to Beds of the same Age throughout
Northern Europe," Quart. Journ. Geol. Soc. vol. xxvi. pp. 326-347.
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unconformity, however, has not been confirmed by an examination

of the numerous sections of the junction that are exposed. The
overlap of the Carstone by the Eed Chalk, which at first sight

seems strongly to support Prof. Judd's view of their relations,

appears to be due to the steady attenuation of the Carstone

northwards that is shared by all the Secondary rocks of Lincolnshire.

On the other hand, the Carstone is found not only to rest upon

different members of the Tealby Beds in different parts of Lincoln-

shire, but to present a strong contrast to all these beds, both in

lithological character and in being altogether unfossiliferous,

except for the derived fauna, hereafter described. It is, moreover,

largely composed of materials, such as flakes and grains of iron-oxide

and phosphatic nodules, which there is good reason to believe were

derived from the Tealby Beds, and therefore indicate that these

latter had suffered considerable erosion before the deposition of the

Carstone.

In general the Carstone is a coarse, reddish-brown, ferruginous

grit, made up of small quartz grains or pebbles, small well-

rolled phosphatic pebbles, and flakes or spherical grains of iron-

oxide. In the southern part of Lincolnshire it is thicker than in

the north, and the nodules are smaller. Occasionally the almost

obliterated form of a bivalve may be detected, but very rarely. In

the north the nodules increase in size and abundance as the

Carstone thins, and it is not difficult to pick out rolled Ammonites
and bivalves. In its upper part the Carstone becomes more clayey,

and passes finally into a red clay or marl, in which Belemnites are

common, and which forms the base of the Red Chalk. The small

particles of quartz, Lydian stone, &c., which make up a large part

of the Carstone, range up in gradually decreasing abundance into

the lower beds of the Eed Chalk. Two or three lines of concretions

(not derived, but formed in place in the Carstone) may be traced

for many miles at a scarcely varying distance below the Red Chalk.

Eventually the Carstone thins out altogether, and the con-

glomeratic character then invades the Red Chalk. The nodules

which occur in the Red Chalk are similar to those of the Carstone,

where the Red Chalk rests on the Neocomian clays, but north of the

Humber, where it overlaps the Oolites, are made up fragments of

those rocks. The Carstone of South Lincolnshire would thus

appear to be the expansion of a " coprolite-bed," and in its

behaviour may be compared to the Chloritic Marl and the Cambridge
coprolite-bed, or to what takes place on a great scale at the base of

the Carboniferous rocks, where the limestone becomes conglomeratic

when the red basement-beds are absent.

The outcrop of the Neocomian rocks and their thicknesses in

different parts of Lincolnshire are illustrated in the accompanying
figures (facing p. 492). The series thins out northwards through

the steady attenuation of each member, rather than by a marked
unconformity of the beds above, as is seen in the following table of

thicknesses :

—

2l2
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In the Skegness boring the Tealby Beds consisted chiefly of clay,

crowded in some parts with spherical grains of iron-oxide. The
Spilsby Sandstone (a very constant bed along the outcrop) was
unexpectedly thin, owing apparently to its partial replacement by

clay ; it was also finer in grain than it is further west.

Section No. 9 (fig. 1) shows the general thicknesses at the south

end of the Wolds. In this part a calcareous and ferruginous stone

appears in the upper part of the Tealby Beds, and forms a well-

marked feature in the hill-sides. The lower part of the clay is

crowded with spherical grains of iron-oxide. The Spilsby Sandstone

is based by a " coprolite-bed," made up principally of casts of common
Kimeridge-clay forms. This nodule band is continued through the

whole area, and without doubt indicates the erosion of a portion of

the Kimeridge Clay before the deposition of the Speeton Series.

Section No. 8 shows the position of the Tealby Limestone.

Though not actually continuous with the ferruginous limestone of

the south end of the Wolds, it is similar to it and appears at about

the same horizon. The Carstone here begins to assume more
distinctly a conglomeratic character ; it contains a pebbly band,

four or five feet thick, made up of well-rolled nodules of a pale bluish

phosphate of lime, a few of which are clearly internal casts of

bivalves. The base of the Carstone is seen near Otby (between

Sections 8 and 7) to be formed by a nodule-bed, about six inches

thick, made up of large rolled phosphatic nodules, which contain

casts of Ammonites believed to be of JSTeocomian species. Ammonites
speetoiiensis (?) four specimens, Am. plicomplialus (?) one specimen,

Lucina (?), and others, and a Gasteropod were collected here *, and

have been identified by Mr. Sharman. Many of the nodules also

contained the spherical grains of iron-oxide so common in the

Neocomian clays. The nodule-band rests on pale-blue or grey

Neocomian clay crowded with iron-grains.

^ Mr. Keeping informs me that he found the following specimens occurring

as pebbles in the Carstone at Claxby, about five feet below the base of the Red
Chalk:

—

Ammonites Deshayesi, Leym., A. tTi])lex, Sow., Meguienia'i , Astarte,

Corbula, Modiola, Myacites, Pholadomya, Cyj^rina, Teredo.
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Section 6 is taken from the sinking journal of the shaft of the

Acre House Iron-mine. The iron-ore occurs at the base of the

Tealby Clay. The Carstone is described as resting directly on the

Tealby Limestone, the clay with iron-grains of the preceding section

being presumably absent. The reason of the thinness of the Spilsby

Sandstone is not clear; it preserves its usual thickness at the

outcrop close by.

In Sections 5 and 4, the Carstone is highly conglomeratic, and
contains numerous nodules ranging up to three quarters of an inch

in diameter and imbedded in the usual ^gritty and clayey matrix.

In the lower part it is more sandy, but its base is concealed.

North of this point there are no sections for some miles, but it

is known that the Carstone thins out within a short distance.

Eventually the whole Neocomian Series thins out and is overlapped,

the last section occurring near Audleby (No. 3). The Eed Chalk

here comes close down on to the Tealby Limestone, though there is

no actual exposure of the junction. Between the two there occur

phosphatic nodules similar to those found in the Carstone.

From Audleby northwards the Red Chalk rests on Kimeridge
Clay as far as Melton Ross (about six miles), where the Spilsby

Sandstone reappears for a short distance (Section No. 2). The
base of the Red Chalk here is highly conglomeratic. In addition to

the usual quartz-grains, it contains abundance of the phosphatic

nodules so common in the Carstone.

Section 1 is taken in the last exposure of Neocomian beds in

Lincolnshire. The Red Chalk passes down into a band of yellowish

or greenish clayey grit, containing phosphatic nodules and pre-

senting all the characters of true Carstone, except in its thickness,

which amounts to only two inches ; it rests with a marked
unconformity on the Tealby Clay. In a few yards' distance the

Neocomian rocks are entirely overlapped.

Where they reappear in Yorkshire they consist of a series of

nearly homogeneous clays known as the Speeton Series, and divisible

into Upper, Middle, and Lower Neocomian by the fossils *. There

are no sandstones at Speeton corresponding to the Carstone or

Spilsby Sandstone t, but the latter may be correlated with the lower

part of the clay by fossils, as shown by Prof. Judd.

It will be seen from the foregoing sections that the Carstone is

persistent, while the underlying Neocomian rocks thin from 261
feet to 47 feet. The disappearance of the Carstone appears to be

due merely to a similar thinning away in the same direction. This

northerly attenuation is shared also not only by the Red Chalk, but

by many of the Secondary rocks as -far down as the Lias. The

* Judd, " On the Speeton Clay," Quart. Journ. Geol. Soc. vol. xxiv. p. 218
(1868).

t It should be mentioned, however, that near Kirkby Underdale, in Yorkshire,

there occurs for a short distance at the base of the Chalk a very ferruginous

gritty sand, which, from its resemblance to beds of Neocomian age in Lincoln-

shire, has been classed in this division. Blake, Geol. Mag. dec. ii. vol. i. p. 363,

and Proc. Geol. Assoc, vol. v. p. 246 ; and ' Geology of the Country North-east of

York and South of Malton' (Geol. Survey Memoir), p. 25 (1884).
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Oolites and Lias are both at their minimum in the district a few
miles north of the Humber, subsequently expanding, as do the Neoco-
mian rocks, in what may be called the Yorkshire basin. It may be

supposed that there existed between the Yorkshire and Lincolnshire

districts an area of slower subsidence, forming a partial barrier in

the Jurassic and Neocomian periods, but overspread subsequently

by the waters of the Chalk sea.

The fossil evidence, so far as it goes, seems to indicate that there

was considerable erosion of the Speeton Series before the deposition

of the Carstone. The fossils found in the derived phosphatic

nodules are believed to be jN'eocomian species, as stated above,

though their state of preservation does not admit of this being

determined with certainty. The nodules themselves are quite

different from those which occur as boulders in the Spilsby Sand-
stone, and which are known to have been derived chiefly from the

Kimeridge Clay ; they frequently contain the grains of iron-oxide so

common in the Tealby Beds, and resemble in other ways the

concretions that are found in situ in the Tealby Clay. The grains

and flakes of iron-oxide also, which are so abundant in the Carstone,

all appear to have been derived from the clay, while the small pebbles

of quartz, Lydian stone, &c. have most probably been washed out of

the Spilsby Sandstone. The Carstone, in fact, is made up of such

materials as would result from the " washing " of a mass of Tealby

Clay and Spilsby Sandstone.

In the Secondary rocks Knes of erosion are often indicated by
bands of rolled phosphatic nodules, these being the only portions of

the soft clays that survive redistribution. Thus the break between
the Chalk and Gault in the eastern counties is marked by a
" coprolite-band," the nodules being imbedded in the base of the

Chalk. When the Chloritic Marl comes in, the nodules are scattered

through it sporadically. The phenomena are strictly comparable to

what takes place in the case of the Carstone.

It would thus seem that the Carstoue of Lincolnshire should be

regarded rather as the basement-bed of the Chalk than as the top

subdivision of the Neocomian. On this view the difficulty of

correlating the Lincolnshire and Yorkshire sections is much lessened.

The horizon of the Carstone is marked, after the disappearance of

the Carstone itself, by a "coprolite-band" in North Lincolnshire,

and by an unconformity in Yorkshire ; and the Tealby Beds and

Spilsby Sandstone become then the equivalents of the Speeton

Series, the sandstone having thinned out or been replaced by clay

towards the north, as it was also towards the south-east at

Skegness.

The correlation of the Lincolnshire with the Norfolk area now
becomes a matter of great importance, inasmuch as it determines

the relation of the Speeton Series to the Neocomian of the

southern counties. The Norfolk series consists at Hunstanton of an

upper and lower sandstone separated by a bed of clay, which,

however, dies out and leaves the two sandstones in one indivisible

mass. The lower sandstone rests on Kimeridge Clay. It has to be
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decided whether the impersistent clay is the representative of the

Tealby Beds, or whether the whole of the Norfolk series should be

correlated with the Lincolnshire Carstone.

A comparison of the thickness of the subdivisions in the two
areas would seem to show that this clay is too insignificant to be a

representative of the 219 feet of clay proved at Skegness, especially as

it thickens steadily southwards throughout Lincolnshire (see figures).

The Hunstanton clay is generally about ten feet thick and thins out

to the south.

If, on the other hand, the whole of the Norfolk section is taken to

represent the Carstone only of Lincolnshire, it must be supposed that

the Speeton Series is entirely absent, which at first sight would
seem to imply a still more rapid thinning out than the former

theory. But on the evidence for an unconformity between the

Carstone and Tealby Beds in Lincolnshire it may be supposed that

the latter were denuded away in Norfolk before the deposition of

the Carstone. It may be mentioned here that boulders believed

to be of Spilsby Sandstone occur in the Norfolk Carstone just above

the clay-band*. Prof. Judd stated in 1869 that "he considered

that the Carstone does not represent the Tealby Series of Lincoln-

shire, and that it is probably Aptian or Upper Neocomian, but

containing in its lowest part fossils derived from the disintegration

of Lower Neocomian beds, in the same manner as the deposits of

phosphatic nodules at Potton and Upware"t.
The correlation of the Norfolk Carstone, resting (presumably

unconformably) on the Kimeridge Clay, with the Upware deposits,

which rest with a marked unconformity on Kimeridge Clay and

Coral Hag, shows that the older rocks are being overlapped towards

the south. This is further indicated by the contained fragments,

which include specimens of rocks older in age further to the south.

Thus at Hunstanton the derived fauna includes specimens of Lower
Neocomian and some Kimeridge-clay forms ; further south a few

Neocomian, some Portlandian, a very large proportion of Kimeridge-

clay, and some Oxford-clay forms are found. Similarly the

boulders in the Red Chalk in the area between Lincolnshire and

Yorkshire, where the Carstone and Speeton Series are absent, are

made up of fragments of the Oolitic rocks, with Ammoyiites callovi-

censis and Amm. Koenigi from the Kellaways EockJ. It is thus quite

intelligible that the Carstone should in that area, where the Speeton

Series or its equivalents are well developed, contain only fragments

derived from these rocks.

The correlation of the Lincolnshire Carstone with that of Norfolk

necessitates the retention of this rock in the Neocomian group as

at present defined. At the same time the evidence given above

* W. Keeping, ' The Fossils and Palaeontological Affinities of the Neocomian
Deposits of IJpware and Brickhill ' (1883).

t Wiltshire, " On the Eed Chalk of Hunstanton," Quart. Journ. Geol. Soc.

,

vol. XXV. p. 192 (Discussion).

J Blake, Proc. Geol. Assoc, vol. v. p. 248 ; and ' Geology of the Country
South-east of York, &c.' (Geol. Survey Memoir), p. 18.
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indicates that it should be separated from the Speeton Series as a

distinct and probably unconformable subdivision. The classification

that has been adopted for the map (fig. 2) is shown in the expla-

nation of the Sections.

If this correlation is correct, it follows that the Neocomian rocks

of Bedfordshire and of the eastern counties generally are later than

the whole of the ISTeocomian (Speeton Series) of Yorkshire and
the greater part of the JN'eocomian of Lincolnshire. In the south of

England, however, there seems to be little doubt that there are

equivalents, of the upper portion at least, of the Speeton Series.

The fauna of the Upper Neocomian of Speeton is spoken of by
Prof. Judd as being " most unmistakably that of the Lower Green-
sand and Atherfield Clay of the South of England " *. It presents

the closest analogy with the Atherfield Clay, but this is believed by
Prof. Judd to be due merely to the influence of similar physical

conditions on the recurrence of species. There occurs, however, a

pebble-bed near the base of the Eolkestone Beds, in which fossils

derived from the Oolites occur as boulders. This pebble-bed is

correlated by Mr. Meyer with the phosphate-beds at Upware, and
with the lower beds of the Greensand (Carstone) of Hunstanton f.

He further remarks that though in the Isle of Wight the Folkestone

Beds and Atherfield Clay have many of the same species, at

Godalming they have not a single species in common. If the Folke-

stone Beds with the pebble-bed are taken as the equivalent of the

Lincolnshire Carstone, and the Atherfield Clay as that of the Upper
Neocomian of Yorkshire, this difference in their fauna is quite in

accordance with the view of the relations of the Carstone as detailed

above. The following table shows the suggested correlation of the

deposits in these different areas :

—

Speeton. Lincolnshire. Norfolk. Bedfordshire. South Coast.

Absent. Carstone with de- Carstone vsdth Sands with Folkestone

rived Neocomian derived derived Beds with

fauna. Neocomian Oolitic and pebble -bed

fauna. Neocomian
fa.una, and

containing

derived

indigenous
late Neo-
comian
fauna.

Oolitic

fauna, and
late indi-

genous
Neocomian
fauna.

Sandgatebeds,
Hythe beds.

Atherfield

Lower J
^

TTealbyBeds.
\ Spilsby Sandstone.

Absent. Absent.

Clay.

^ "On the Speeton Clay," Quart. Journ. Geol. Soe. vol. xxiv. p. 218.

t ' On the Lower Greensand of Godalming.' By C. J. A. Meyer (Geologists'

Association). 8vo. 1869.
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Discussion.

The President said that he had listened to this paper with great

pleasure. The one point of difference between himself and the

Author may be easily explained. At the time when he described

the structure of the district, the Lower Greensand of the south was
regarded as one, but since then the break between the Polkestone

Beds and those below has been clearly shown by Barrels, Meyer,
and others. He was quite prepared to accept the Author's general

conclusions.

Professor Hughes considered the paper a valuable contribution

to the geology of East Anglia, and hoped that the Author would
press the legitimate conclusion that the Carstone series was the

basement-bed of the Cretaceous, and would abolish the bracket

which in his diagram linked it to the bed below, whether called

Tealby Series or Neocomian. He thought the Author might extend

the story of the manner in which the Lower Greensand, or Carstone,

creeps transgressively over the older formations, if the few inches of

sand which rested on the Wenlock in the Ware boring should, as

he believed, turn out to be the geological equivalent of the Car-

stone.

Mr. Whitaker stated that he did not know the district referred

to by the Author, but that he knew the north-western part of ISTor-

folk. He agreed as to the conformity at Hunstanton between the

Red Chalk and the Carstone. The occurrence of stone was more
or less a matter of accident, and the presence of about 10 feet of

clay between the sandy beds and the Eed Chalk in the well at

Holkham perhaps indicated the presence there of Gault. The con-

formity between the Carstone and the Eed Chalk was a singular

thing ; in Bedfordshire the Gault sometimes scoops into the Lower
Greensand. Where there is a considerable absence of beds, as

where Eed Chalk rests on Carstone, you may have conformity just

where one would least expect it. He was doubtful as to the oc-

currence of the Carstone in the boring at Ware.
The President called attention to the interesting section at Skeg-

ness where the Neocomian clays thickened out so remarkably, and
he observed that they continued their increased development to the

eastward in Germany, where they are known as the " Hilsthon."

Their thickness at Skegness was the more remarkable, considering

the shortness of the distance from their outcrop in the Downs,
where they were of insignificant thickness.

The Author said that, as regarded the bed in the boring at Ware,
if it were Carstone it proved his point. He gave particulars as to the

section at Skegness, and stated that it was over 250 feet to the base

of the Spilsby Sandstone, which had dwindled down to a few feet in

thickness and had been in part replaced by clay. The Spilsby Sand-

stone would seem to have been a shore-deposit.
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40. On some Ctjpeiferotjs Shales in the Province of Hon-peh,

China. By H. M. Becher, Esq., F.G.S., A.B.S.M. (Eead

June 23, 1886.)

In the month of July 1885, the writer was asked to accompany a

Chinese gentleman, proceeding from Shanghai, to visit certain

deposits of copper-ore reported to be very rich and extensive, and
occurring on some property up the Tangtse river. Specimens of the

ore had been sent to Shanghai and were given to the writer for in-

spection. These consisted of mixed ore of copper of dark brown
colour, being mostly impure oxides with a little unchanged sulphide

permeated by streaks.of carbonate. The mineral was very heavy, and
showed by a rough test about 70 per cent, of metallic copper. The
most interesting feature, however, was the external appearance of

the pieces, one of which was intact as taken from the earth near the

surface, showing a striking resemblance to the well-known form of

petrified wood, and suggesting the possible association of organic

agency in its origin. This peculiarity of course dispelled the first

assumption of large veins, though adding to the interest of inves-

tigating the mineral source, which proved to be near the open Port

of I-Chang, on the Yang-tse-Kiang, about 1000 miles from the sea.

The country surrounding I-Chang, on the western border of the

province of Hon-peh, is very mountainous, being on the confines of

the extensive ranges through which the river Yang-tse-Kiang here

emerges from its eastward course through the province of Setchuan.

The low hills in the immediate vicinity of I-Chang are composed

of reddish sandstone and conglomerate beds dipping very slightly to

S.E. ; but the higher mass of hills to the west is of Lower Palaeo-

zoic and Carboniferous (?) rocks, in which thick beds of limestone

are most conspicuously prominent, rising to a height of 5000 feet

above the river. Thus, going westwards from I-Chang, at a distance

of about ten miles, the limestones appear from under the sandstone

series, the lowest beds of the latter consisting for the most part of

limestone and quartzite pebbles, while peculiar beds of brecciated

calcareous conglomerates overlie the blue-grey crystalline limestone,

almost horizontally, to a thickness of some hundreds of feet.

The relative position of these rocks is not quite distinctly evident,

as, though the Limestone series is proved by its fossils to be of

Palaeozoic (presumably Precarboniferous) age, and is overlain to the

westward by a great shale series, which in some parts contains coal-

bearing measures, it is not certain whether the sandstones (con-

taining no coal) to the eastward are conformable or contempora-

neous with the said shales, their lithological character being entirely

different. Each of these three series is of great thickness, i. e. many
thousands of yards, forming high cliffs, gorges, and sheer declivities,

according to the relative nature of the rocks and the circumstances of

denudation. The upper beds of the Great Limestone, when they

begin to give place to the shales, contain several bands full of
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well-preserved fossils, amongst which are gigantic specimens of

Orihoceras.

At a distance of about 50 miles west of I-Chang, the Great-Lime-

stone series begins to be overlain by shales and arenaceous beds

interstratified with thinner limestones, the latter at first predomi-

nating, with a general strike N.W. and S.E., dipping S. and S.W.
at high angles and sometimes folding over in anticlinals. These

rocks are more disturbed than the thick limestones, but not faulted

or showing any intrusions of igneous rocks. Further west the

series increases in thickness, and shales predominate, having a uni-

form characteristic red-brown colour with occasional greenish-grey

patches. Some of these shales are slightly micaceous, others contain

small cavities filled with crystallized calcite.

In the valley of Lukaho patches are found in which the shales

are impregnated more or less with minerals of copper, the beds con-

taining this metal being of the grey colour above noticed, regularly

intercalated with the red series and otherwise undistinguished from
these. The commonest form of occurrence is that of light green

films and specks of malachite or chrysocoUa in the cracks of cleavage

and stratification of the soft argillaceous rock, which is very friable

on weathered surfaces. Another form is a siliceous band, containing

specks of cuprite with the green oxydized minerals, also conformable

with the shales, but of irregular extension and more contiguous

to the calcareous and sandy beds. Accompanying both these,

occasional lumps of comparatively pure copper-ore are found enclosed

in the soft strata as in actual clay-seams, and it is this latter form
of occurrence which must be the origin of the peculiar wood-shaped

specimens examined at Shanghai and mentioned above. The extent

and value of these cupriferous patches, hardly to be called metal-

liferous deposits, could only be roughly estimated from the appear-

ance of numerous indications on the outcrops, none of which had been

opened up. In one case only was there evidence of continuity along

the strike of the strata up a hillside for a distance of some 200 yards,

and from this the richest specimens were obtained ; but the bed-rock

covered with detritus was not exposed sufficiently to give the size

of the impregnation in section. In other places the shales showed
copper coloration for a thickness of from 1 to 3 or 4 feet, the per-

centage of the metal appearing to the eye (unchecked as yet by any
assays) from a fraction of one to five per cent. The siliceous material

showed the nearest approach to anything like vein-stuff", the actual

richness of which (though certainly not high) could only be ascer-

tained by chemical test.

The origin of these cupriferous patches, although not to be defi-

nitely traced by so cursory an inspection, must be ascribed to the

redeposition of the metal by infiltration of solutions derived from
other sources of unoxidizcd minerals in the adjacent rocks ; and as

the district seems to be devoid of any mineral veins, or even of

"pockets" of the ordinary metallic sulphides in the limestones, it

seems probable that the primary sources of the metal must have
been of sedimentary origin.
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41. Notes on the Disteibution of the Osteacoda of the Caeboni-

EEEous PoEMATiONs of the Beitish Isles. By Prof. T. E-tjpeet

Jones, F.B.S., F.G.S., and J. W. Kiekbt, Esq. (Bead May 12,

1886.)

Contents.
I. Introduction.

II. Classification of the Strata in Scotland and England :
—" Scotland East,"

" Scotland West," " England North," " England South."
III. Stratigraphical Distribution of the Ostracoda.

1, Scotland.

§ 1. South-east Scotland; Calciferous Sandstone series.

§ 2. South-west Scotland ; Calciferous Sandstone series,

§ 3. South-west Scotland ; Carboniferous Limestone series.

2. England.

§ 1. North England and Isle of Man.

I 2. Central and South England and South Wales.
IV. Ireland.

y. Distribution of Ostracoda in Permian Strata of England.
VI. Range of British Carboniferous Ostracoda in North America and Europe.

§ 1. North America.

§ 2. Europe.
VII. Appendix.

Table I. Stratigraphical : showing the distribution of Ostracoda, in the Car-
boniferous Series of Scotland, and in the Permian and Carboni-
ferous Series of the North of England.

Table II. The genera and species of Carboniferous Ostracoda and their

occurrences in England, Scotland, and Ireland.

I. Inteoduction.

The known Ostracoda of the British Carboniferous Pormations are

not even yet all described, although fifty-five species have been

determined or redescribed, with illustrations, since this paper was

read (see page 507). There are now 177 known species and notable

varieties of Carboniferous Ostracods, belonging to 33 genera of 9

families.

II. Classification oe the Steata.

With regard to their distribution in the strata, it is necessary to

premise that in Scotland the Carboniferous rocks are usually grouped

as follows :

—

1 ^ , f {h). Upper red beds.
i. lyoai-measures

| j^^^^ Coal-measures proper, with workable coals.

2. MiUstone Grit.

[(c). Upper beds, with limestones.

3. Carboniferous Limestone J (6). Middle beds, with workable coals and iron-

Series
I

stones.

\_{a). Lower beds, with limestones.

A r^ ^ •£ o J {(b). Upper or Cement-stone series.
4. Calciferous Sandstones...

j^^^-^^ j^^^^^ ^^ Eed-sandstone series.
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In the I^orth of England the same system of rocks is often

classified thus :

—

((c). Upper measures.
(b). Middle measures.

(a). Lower measures.

2. Millstone Grit.

3. Yoredale Eocks (Upper Limestone-shales).

4. Carboniferous, Mountain, or Scar Limestone.

5. Lower Limestone-shales.

The Coal-measures and the Millstone Grit of the two countries

may be regarded as equivalent, though the " Upper red beds (6)
"

of Scotland are absent in the N.E. of England.

The Carboniferous Limestone series of Scotland and the Yoredale

Eocks of England are, in part, parallel deposits, but not wholly, for

the base of the former series, when traced southwards across the

border into jN'orthumberland, has part of the Yoredales beneath it *.

Hence it follows that the lower portion of the Yoredale Rocks is

parallel with the upper portion of the Calciferous Sandstones, and
that the Scar Limestone and Lower Limestone-shale are more or less

equivalent to the main portion of the same series.

But the term Yoredale scarcely applies in J^orthumberland, and
the Geological Surveyors group the whole of the rocks below the

Millstone Grit as the " Carboniferous Limestone Series " in the maps
of that county. The upper portion of this group, occupying the

position of the Yoredales, is very difi'erent in character from and much
thicker than the latter, as seen in their typical development in York-
shire ; and the lower portion of the group, more or less equivalent

to the Scar Limestone, is virtually a slightly modified southward
extension of the Calciferous Sandstones of Scotland. This fact had
been noticed by other observers before the official survey of jS"orth-

umberland
;
perhaps first by our old friend the late Mr. George

Tate, of Alnwick, who proposed the following subdivision of this

portion of the series t :

—

Calcareous group.

Carbonaceous group.

Tuedian beds.

Prof. Lebour J has suggested a modification of this classification by
including Tate's Calcareous and Carbonaceous groups in one division

under the name " Bernician," the term Tuedian being retained by
him for the lowest member of the series.

Mr. Hugh Miller, in the ' Encyclopaedia Britannica,' adopts and
elaborates Mr. George Tate's scheme of arrangement. "We are

* We owe this information to the officers of the Geological Survey of Scot-
land.

t • History of Alnwick,' vol. ii. p. 444 (1869) ; Nat. Hist. Trans. Northumb.
and Durham, 1876, pp. 8 & 9 ;

and Proceed. Berwicksh. Nat. Club, vol. iv.

p. 151, and vol. x. p. 315.

X ' Outhnes of the Geolog>' of Northumberland,' 8vo, 1878.
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favoured by him with the following synopsis of the Carboniferous

strata of Northumberland * :

—

Series

Carboxiferous Limestone Series.

Northumbrian Type.

( Felltop Division : between the Millstone G-rit and the zone
of the Great Limestone : Sandstones and Shales ; one
or more beds of Marine Limestone ; some Coals.

Upper Limestone j (450 to 1200 feet.)

Sot.i'Qo '^ Calcareous Division : from the Great Limestone down to

the bottom of the Dun Limestone or Eedesdale Lime-
stone. Many beds of Marine Limestone : Sandstones

l^ and Shales; some Coals. (1300 to 2500 feet.)

( Carbonaceous Division : the Scremerston beds of North
Northumberland ; beds prevalently Carbonaceous

;

Limestones, chieily thin, many of them containing

vegetable matter ; Coals. (800 to 2500 feet.)

Tuedian Division.

Upper Tuedian or Fell Sandstone Group. Great zone
of massive grits (Larriston Fells, Bewcastle Fells,

Peel Fell, Simonside and Harbottle Hills, Chilling-

ham, &c.). Shales partly greenish and reddish
;

Coals few, tliin, and in many districts absent. (600
to 1500 feet.)

Lower Tuedian or Cement-limestone Group : cement-
stones passing (at Eothbury and Bewcastle) into

Limestones ; Coals very rare ; many of the Shales

\^
and Sandstones coloured. (500 to 2000 feet.)

Basement Conglomerates (Upper Old Eed Sandstone) ; local.

Lower Limestone
Series

Carboniferous Limestone Series.

Scotland—Northumberland—Yorkshire.

Scottish Type. Northumbrian.

j''Upper Limestone
Group.

Middle or Coal and
Carboniferous

Limestone , ironstone Group
^^^^^^i

I
Lower Limestone

(^ Group.

Calciferous

Sandstone
Series

Upper or Cement-
stone Group.

' Lower or Eed Sand-
stone Group.

I ;

Yorkshire.

Upper part of the

Upper Lime-
stone Series.

Lower part of the
Upper Lime-
stone Series, to-

gether with the
Lower Carb. L.
Series, including

Basement-beds.

Carboniferous

LimestoneSeries,

including the

beds between the

Little Limestone
and the Mill-

stone Grit, the

Yoredale Beds,

and the Lower
Limestone-shale.

We cannot go further into this matter just now, and we have,

perhaps, said enough to show that, in using the term Yoredale for

the whole of the North of England in the following remarks and
Tables, we do so in a somewhat conventional sense, so far as it

relates to Northumberland. It may be added that Ostracoda are so

plentiful in these strata, and occur on so many horizons, that the

* Encycl. Britann. 9th edit. vol. xvii, p. 574.
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stratigraphical succession of their different groups of species or

faunas is a subject well worth working out in detail ; and this we
hope some time to do with the help of our Geological-Survey friends.

In the centre and south of England,—that is, south of Derby-

shire,—the Yoredales are absent, or cease to be of divisional im-

portance in the Carboniferous series, so that the arrangement of

formations there generally followed is this :

—

Coal-measures.

Millstone Grit.

Upper Limestone-shale.

Carboniferous Limestone.

Lower Limestone- shale.

Unfortunately we have much less material of the Ostracodous kind

from the south of England than we have from the north, and from

Scotland, and most of what we have is from the Carboniferous Lime-
stone, there being little from the Coal-measures, and nothing from

the Millstone Grit or the Lower Limestone-shale. Eor this reason,

the distribution of species in the appended Table I. (facing p. 506),

is shown in two columns only—Carboniferous Limestone and Coal-

measures.

For the same reason the Lower Limestone-shale is left out of the

Table in "England North," as we have nothing from localities

therein. And, as we have not been able to determine any species

from the Millstone Grit either in England or Scotland, that for-

mation is not represented. See p. 514.

All our Irish specimens are from the lower portion of the series,

hence the distribution in that country is given in a single column.
*

In regard to the geographical divisions used in the Table, " Scot-

land East " includes Fife, Kinross, Linlithgow, Mid and East Lothian,

Berwickshire, and Eoxburghshire. " Scotland West " includes the

country to the west of that area : namely, Lanarkshire, Stirling-

shire, Renfrewshire, Ayrshire, &c.
" England North " takes in Lincolnshire, Notts, Derbyshire, North

Staffordshire, and the counties to the north ; also the Isle of Man.
" England South " embraces the rest of the country southward, in-

cluding South Wales.

III. StKATIGEAPHICAL DiSTEIBUTIOIf OP THE OsTKACODA.

I. Scotland.

§ 1. South of the Firth of Forth, the Upper Old Red is described

by Dr. A. Geikie * as passing upwards into the lowest beds of the

Carboniferous Series without any signs of break or unconformity.

Probably these are the lowest and oldest Carboniferous strata in

Scotland ; but there are no Entomostraca recorded from them.

In Fife, where the Lower Carboniferous or Calciferous Sandstone

series is very thick, the basal beds are never seen, though there are

* Geol. Survey Mem. on East Lothian, p. 27 (1866).
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nearly 4000 feet of strata exposed below the Carboniferous Lime-
stone series. In the lowest of these strata, the first Ostracod to

appear is a very simple Beyrichia, identified with B. suharcuata.

Pifty feet or so higher up is a shale containing Carhonia fahulina

and C. RanJciniana. A few feet further up still, in a " cement-

stone," B. suharcuata again appears along with Leperditia OTceni

and Bairdia nitida. These are the earliest traces of Ostracoda in

the Carboniferous Series of the east of Scotland that have come
under our observation.

A few hundred feet higher up—though still from 3200 to 3500
feet below the Carboniferous Limestone series, and in a section

where several thin limestones with marine fossils come in, the fol-

lowing species are found, and they may probably be taken as repre-

sentative of the earliest important group of Carboniferous Ostracoda

in Scotland :

—

Leperditia Okeni *.

scotoburdigalensis.

Beyrichia subarcuata ?

, sp.

Kirkbya spiralis.

plicata.

Cytherella extuberata.

attenuata.

Carbonia subula.

Bairdia plebeia.

Hisingeri.

siliquoides.

prsecisa.

subcylindrica ?

Macrocypris Jonesiana.

Argilloecia sequalis.

Aglaia cypridiformis.

Cythere ? intermedia.

Carhonia suhula occurs in this series of strata, but not associated

with the other species of the list.-

For the next 1000 feet or more upward, Ostracoda appear and re-

appear time after time, and in great individual abundance. Species,

however, are not numerous. Among the commonest forms are

Leperditia scotohurdigalensis^ Beyrichia suharcuata, Cytherella ex-

tuherata, and C. attenuata. On some horizons they are joined by
Kirhhya spiralis and CytJiere? superha, and perhaps one or two others.

At one spot, in a " cement-stone," these species give place to Leper-

ditia OTceni, BeyricJiiopsis Jimhriata, a Cytherella, and one or two
BairdicB. Besides, at intervals, those Coal-measure Cytherids (?),

Carhonia fahulina and C. RanJciniana, keep coming in along with

C. suhula. The Leperditia^ and other species generally go out as

these appear, though not in all cases.

Above all this, near the middle of the Calciferous Sandstones

(speaking of Mfe), in a thick marine shale with Crinoids and

numerous other fossils are these species :

—

Leperditia Okeni. I Bairdia plebeia.

Beyrichia radiata. i Hisingeri.

subarcuata ?
|

brevis.

Cytherella, 2 spp.
|

subelongata.

Then followmore appearances ofLep. scotoburdigalensis and its asso-

ciates before mentioned,—though not all of them, for KirJchya spiralis,

* For the authorities of species, see Table II. at the end.
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Cyiherella extuherata, and O. attenuata disappear,—until the Carbo-

niferous Limestone series is approached, when in the thin limestones

and associated shales begin to be seen species that are commoner in

the beds above.

These remarks relate solely to what has been observed in the

Lower Carboniferous of Pife. In equivalent deposits in Mid-Lothian

and Linlithgowshire Ostracoda occur in great abundance in some
places, notably at the classical locality of Burdiehouse ; but the

general sequence of the record is less complete, and no other species

have been observed.

§ 2. In the south west of Scotland, Dumfriesshire and Ayrshire

excepted, the Calciferous Sandstones contain few fossils of any kind,

and the only Ostracods recorded from them are Leperdit'm Okeni

and L. suhrecta, from the Lower or Hed Sandstone group («) of the

series. These two species are thus probably on a lower horizon than

any noticed in Fife, and hence are the first occurring and oldest of

known Carboniferous Ostracods.

From low down in the Calciferous Sandstones of Dumfriesshire

and Ayrshire, though evidently in the Cement-stone group (6), we
have the following species :

—

Lep. Oheni^Beyr. subarcuata?,Argilloecia

cequalis, Bairdiapleheia, B. Hisingeri, B. brevis, and B. suhmucronata.

From a group of limestones higher in position, in Dumfriesshire,

a more numerous suite of species occurs, including :

—

Kh-Tchya

umhonata, K. costata, Cytherella vcdida, 0. Benniei, Macrocypris

Jonesiana, Bythocypris hilohata, Cythere ? cuneola, C. ? cornigera,

Bairdia grandis, B. Hisingeri, B. amputata, B. ampla, and some
others.

Lastly, in Eoxburghshire, these beds become richly fossiliferous in

Ostracoda. Washings of various shales and numerous mounted
specimens kindly sent us by the Geological Survey of Scotland from
localities in that county have given us the following list of species :

—

Leperditia Okeni.

suborbiculata.

Beyrichia radiata.

subarcuata?

intermedia ?
*

craterigera.

Beyriehiopsis fimbriata.

fortis.

Xii'kbya plicata.

spiralis.

costata.

umbonata ?

Carbonia fabuliiia.

Cytherella extuberata.

attenuata.

, sp.

Cythere ? intermedia.

Argillcecia sequalis.

Bythocypris bilobata.

subhmata.
Bairdia Hisingeri.

plebeia.

ampla?
subelongata.

subraueronata.

Cythere, sp.

The Carbonia, although apparently estuarine, curiously occurs

here with several of the more decidedly marine forms.

Of the species we have mentioned as found in the Calciferous

Sandstone series, the following appear to be confined to it :

—

Bey-
riehiopsis foi^tis, KirJcbya spiralis, Cytherella extuberata, C. attenuata,

Bythocypris sublunata, Argilloecia cequalis, Aglaia cypridiformiSf

* A Silurian species.

Q. J. G. S. No. 168. 2 m



502 PROF. T. E. JONES AND MR. J. W. KIRKBT ON OSTEACODA OP

Bairdia nitida, B. prcecisa, and Cythere ? superha ; while Beyrichia

craterigera, Kirkhya costata, K. plicata, and Macrocypris Jonesiana
are almost peculiar to it, and certainly highly diagnostic of the series.

§ 3. Carboniferous Limestone Series of South-iuest Scotland.—The
shales connected with the limestones of the Lower beds (a) of this

series have yielded a great number of Ostracoda—more species, in

fact, than any other portion of the Carboniferous system either in

Scotland, England, or elsewhere. The following list includes the

most common and characteristic forms from these limestones and
shales :

—

Oypridina primseva.

Phillipsiana.

Entomoconchus Scouleri.

Polycope simplex.

Youngiana.
Cytherella recta.

scrobiculata.

Leperditia Okeni,

suborbiculata.

oblonga.

compressa.

Armstrongiana.
Beyrichia fastigiata.

multiloba.

radiata.

tuberculospinosa.

reticosa.

Bradyana.

Beyrichia bituberculata.

ventricornis.

Kirkbya perraiana.

um.bonata.

Urei.

spinosa.

oblonga.

Bythocypris Phillipsiana, Tar. carbonica.

Bairdia plebeia.

curta.

Hisingeri.

brevis.

amputata.
submucronata.
subelongata.

Cythere? cuneola.

? cornigera.

As peculiar to this portion of the series may be mentioned :

—

Cyjjridina Hunteriana, Cypridellina intermedia, Bradycinetus

BanJcinianus. Entomoconchus glohosus, Polycope Youngiana, Cythe-

rella brevis, C. concinna, C. obesa, C. rotundata, Leperditia com-

pressa, L. Armstrongiana, L. Bosquetiana, Beyrichia colUculus, B.
reticosa, B. varicosa, Bairdia amputata, B. grandis, B. ? circumcisa,

B. legumen, and Bythocythere Youngiana ; several of these are rare.

The middle portion of the series (b), containing the workable

coals and ironstones, which form the " Lower Coal-measures " of

Scotch geology, yield few Ostracods,- and the most common are two
Upper-Coal-measure forms. These four species occur in it:

—

Leperditia Youngiana, Beyrichia sp., Carbonia fabulina, C. RanJci-

niana.

In the Upper-Limestone group of this series (c) many of the

species belonging to the Lower group (ct) are recurrent, and a few
appear for the first time. The most common forms are :

—

Cypridina Youngiana.
Leperditia Okeni.

suborbiculata.

Beyrichia radiata.

bituberculata.

multiloba.

ventricornis.

Kirkbya rigida.

Urei.

permiana.

Cytherella recta.

Cytherella Benniei.

Eequalis.

obliqua.

scrobiculata.

Bairdia plebeia.
• Hisingeri.

curta.

siliquoides.

Cythere? cuneola.

? cornigera.
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The species peculiar to these beds are:

—

Cypridina Youngiana^

C. Grossarticuia^ O. Thomsoniana, Ci/therella obliqua, O. cequalis, Beij-

richiafodicata, B. biccesa, Kirhhya rigida, and Youngia rectidorsalis.

Then comes the series of sandstones, grits, shales, and fireclays,

with a thin coal or two, representing the Millstone Grit. From
these beds we have no Ostracoda.

Above them follow the Coal-measures proper, consisting of a

Lower series («), containing all the workable coals ; and an Upper
series (b) of red sandstones, shales, marls, and fireclays, with

Carboniferous fossils. In the Lower series Beyrichia arcuata,

Carbonia fabulina, 0. Rankiiiicma, and G. pungeyis are the common
Ostracoda. Cyioridina r^adiata and Carbonia ? bairdioides also occur

rarely. In the Upper series (b) C. fabulina, C. Mankiniana, and
C. pungens are found abundantly at an horizon about 400 feet from
the highest beds. These are the last occurring Carboniferous

Ostracods in Scotland that we have seen. The next appearance of

representatives of their tribe is in the Lower Permian Limestone of

Durham, where a group of seven species is found, six of which are

Lower-Carboniferous forms ; but these Carbonioi are not among them.

2. ElfGLAND.

§ 1. In the north of England the lowest horizon from which we
have Ostracoda is somewhere near the base of the Scar Lime-
stone, as it occurs in JN'orth Lancashire and Westmoreland, and the

Lower Carboniferous beds in Cumberland and jSTorthumberland,

which are probably nearly equivalent in position, though very

different in character. Prom this or these horizons come the

following more common species :

—

Cypridina brevimentum^ Cypridinella Cummingii, G. superciliosa,

Cypridellina Burrovii, Cyprella chrysalidea, G. annulata, Polycope

Burrovii, Entomoconchus Scouleri, Entomis Burrovii, E. Koninckiana,

Gytherella valida, G. scrobiculata, 0. extuberata, Leperditia Oheni^

L. suborbicidata, L. acuta, L. scotobiirdigalensis, L. subrecta, Beyrichia

craterigera, B. crinita, B. radiata, BeyricJiiopsis sicbdentata, B.fim-
hriata, Kirkbya costata, K. spiralis, K. umbonata, Argilloecia cequaliSf

Macrocypris Jonesiana, Bairdia Hisingeri, B. curta, B. plebeia,

B. submucronata, B. subelongata, Bernix Tatei, &c.

Higher in the limestone are also found, somewhat plentifully,

Kirkbya permiana, Leperditia Armstrongiana, Bythocypris bilobata,

Xestoleberis ? subcorbuloides, Bairdia amputaia, &c.

The species peculiar to this portion of the series south of the

Border are:

—

Cypridina brevimentum, Cypridinella Cummingii^

C. monitor, Cypridellina Burrovii, Entomoconchus Scouleri, Entomis
Burrovii (and other of the Cypridinidae), Cytherella valida, Leper-

ditia subrecta, L. Armstrongiana, L. obesa, Beyrichia longispina, B,

tuberculospinosa, B. Holliana, B. crinita, Beyrichiopsis subdentata, B.

fimbriata, Kirkbya tricollina, K. spiralis, Argilloecia cequalis, Macro-
cypris Jonesiana, Aglaia cypridiformis, Bythocythere antiqua, Cythere'i

Kirkbyana, C? gyripunctata, Darwinula berniciana, and Xestoleberis ?

subcorhuloides.

2m2
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The calcareous shales of the Yoredale rocks contain ma,T\j species.

In the lower beds there occur some of the more characteristic forms
of the Lower Carboniferons, in the two northerly counties at leasts

such as CytJierelJa valida, Beyrichia craterigera^ and KirTchya costata ;

but these do not range very far upward.
The forms peculiar to the Toredales are :

—

Leperditia lovicensis,

Beyrichia ventricornis, B. hituherculata^ KirTchya Urei, Bythocyihere

Youngiana, Bythocypris Phillipsiana. var. carhonica, Phreatura con-

cinna, Cythere ? cornigera, Bairdia legumen^ and B. mucronata.

We have no determinable species from the Millstone Grit.

Prom the Lower Coal-measures (ci) have been obtained Beyrichia

arcuata * and Garhonia ? sp.

From the Middle or main group of the Coal-measures (5) the

last-named Beyrichia is a common fossil ; so also is Carhonia fabu-
lina. Of less common occurrence are Philomedes elongata, Carhonia
Ranhiniana, C. secans^ C. scalpellus^ and C. Wardiana.

Then in the Upper Coal-measures {a) reappears Beyrichia suh-

arcuata, and in the " Spirorbis Limestone " of this group Leperditia

inflata. These seem to be the last occurring Carboniferous Ostracods

in England.

§ 2. Of the area of " England South " our materials are not as yet

sufficient to allow anything like a complete sketch to be given of

the vertical distribution of the species.

[Note.—Since this paper was written we have examined and
described f a set of Carboniferous Ostraeoda from the Gayton Boring,

J^orthamptonshire. These Ostracods were obtained, at a depth of

over 700 feet from the surface, in shaly beds, evidently identical

with the Lower Limestone-shale. The shales were kindly supplied

by Mr. H. J. Eunson, E.G.S. Six species were determined (one of

which was new to us, and the other five were well-known Lower
Carboniferous forms of Scotland and the North of England), namely,

Kirhhya variabilis, K. plicata, Cytherella eoctuberata, C. attenuata,

Bythocypris stiblunata, and Macrocypris Jonesiana.

Quite recently Mr. E. Wethered, E.G.S., of Cheltenham, has

favoured us with specimens from the Lower Limestone-shale of the

Eorest of Dean. Curiously enough these specimens are almost

exactly similar in species and individual abundance to those of the

Gayton Boring.

From the Forest of Dean came KirTchya variabilis, K. plicata,

Cytherella extuberata, Bythocypris sublunata, and Darwinula herni-

ciana (?).]

In the Carboniferous Limestone of Shropshire, South Wales, and

* B. arcuata is said to occur at Sbaly Brow, in the Wigan coal-field, in the

roof of one of the Gannister coals, where it is associated with Aviculopecten

papyraceus and Goniatites Listeri. It would be of interest to have this corro-

borated, and to learn whether it occurs in other of the Aviculopecten-hdiiidiS, of

the Lower Coal-measures, and just of as much interest to know if other

Ostracods are found with it under these conditions.

t Geol. Mag. dec. iii .vol. iii. 1886, p. 248, pi. 7.
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Somerset are found Leperditia OJceni^ L. parallela, L. acuta, Bey-

richia arcuata (?), B. sp., Kirhhya plicata, K. costata, Moorea tenuis,

M, obesa, Bythocypris bilobata, Aryilloecia cequalis, Cythere ? Imiata,

C. ? pyrula, C. ? Moorei, C. ? coniigera, C. ? tJiraso, Bairdia curta,

B. plebeia, B. brevis, and B. Hisingeri.

We have nothing in the south representing the large groups of

species found in the Yoredale Rocks of the north of England, or of

the Carboniferous Limestone series of Scotland.

.From the Coal-measures of South Wales we have Carbonia Agnes,

C. Evelince, and C. sp. ; and from the ' Spirorbis Limestone " of the

Midland counties Leperditia inflata.

lY. Irelaxd.

The distribution of the Carboniferous Ostracoda in Ireland (see

Table II.) requires further work. The Mountain-limestone near

€ork and elsewhere is known to be very rich in these fossils, as are

also some parts of that formation in the Isle of Man. The Lower
Carboniferous Shales are rich at places in Ireland (see M'Coy's

Synops. Charact. Carbonif. Eossils, Ireland, and Ann. & Mag. jSTat.

Hist. ser. 3, vol. xviii. pp. 40-51).

V. Distribution of Ostracoda in Permian Strata of England.

To render this sketch of the vertical distribution of Ostracoda in

the Upper Palaeozoic rocks more complete, we continue it up to the

Permian series, into which eleven of the Carboniferous species are

known to range.

In the Lower Magnesian Limestone of Durham and Yorkshire we
find the following species :

—

KWTcbya permiana, Bairdia plebeia,

B. Hisingeri, B. ampla, Macrocypris Jonesiana, Cythere intermedia,

C. ? inornata (?), and Cytherella miciformis ?

In the Middle MagnesianLimestone ofDurham occur:

—

Cypridina

primceva, Kirhbya permiana, Bairdia plebeia, B. Hisingeri, B. acuta,

B. Kingii, B. bernicensis, B. rhornboidea, B. amputata, Macrocypris

Jonesiana, Cythere? intermedia, C.2 Morrisiana, and (7.? Geinitziana.

And in the Upper Magnesian Limestone of Durham we have as

the last Palaeozoic representatives of the order :

—

Kirkbya permiana,
B. plebeia, B. grandis, B. ampla, B. acuta, Cythere ? Morrisiana,

C. ? Kutorgiana, G. ? Geinitziana, C. ? biplicata, C. ? inornata, and
Cytherella nuciformis:

These occurrences in the Permian series represent a range of

about 400 feet. The Ostracods are always found along with the

marine Mollusca and other fossils of the Magnesian Limestone ; but
where the last representatives of the Mollusca are seen in the highest

beds of the series, no Ostracoda are found with them.

The Carboniferous species recurrent in Permian strata are:

—

Cypridina primo'va, KirTcbya permiana, Bairdia j)lebeia, B. ampla,

B. Hisingeri, B. amputata, B. grandis, Macrocypris Jonesiana,

Cythere ? intermedia, and (in the Zechstein of Europe) Bairdia

mucronata and B. subgradlis.
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YI. Range of Beitisbt Caebonifeeotjs Osteacoda in Noeth
Ameeica and Eueope.

§ 1. Among the British species already found in other countries,

perhaps Cytherella Benniei and C. concinna enjoy the greatest range,

as they are met with in the Coal-measures of Iowa in the one case,

and in the Carboniferous Limestone of the same State in the

other *.

In the Carboniferous rocks (Coal-measures and Lower Coal-

measures) of Nova Scotia the following species are known to

occur :

—

Leperditia OJceni, L. scotoburdigalensis, L. acuta, Carhonia

fahidina, and C. bairdioides (?) t.

These are all the British Ostracods whose range is as yet known
to extend to the American continent. Two of them (Leperditia

scotoburdigalensis and Oarbonia fabulina) were essentially estuarine

forms. They are the commonest species of all in the Coal-measures

and Calciferous Sandstones of the North British area ; and their

constant occurrence in shales, ironstones, and impure limestones

(intercalated with coals), associated with the remains of plants,

indicates that they were anything but of deep-sea habits.

§ 2. In Europe the following species have been described from
Carboniferous strata in Eussia :

—

Leperditia OJceni, Kirhbya umbo-
nata, Beyrichia colliculus, B. intermedia, Bairdia ampla, B. plebeia,

and Bythocypris bilobata ; and KirJcbya permiana from the Permian
strata of the same country X'

Some of the best known of the British species were discovered by
Count Miinster in the Carboniferous Limestone of Bavaria ; these

include Leperditia OJceni, L. oblonga, L. parallela, L. suborbiculata,

CytTierella injlata, Bairdia Hisingeri, BytJiocypris bilobata, and Cy-
tJiere ? intermedia §.

In Belgium, as might be expected from its comparative nearness

to Britain, several species occur that are included in this list. This

more particularly applies to the Cypridinidse ||.

Leperditia OJceni seems to have had the greatest geographical

range, being found as far east as the Eussian province of Toula,

and as far west as Nova Scotia.

YII. Appendix.

1. Betrichiopsis, gen. nov.

Valves shaped and lobed much like those of some BeyricJiia;, but

bearing longitudinal riblets, as in some KirJcbycE. One of these ribs

forms a dorsal crest ; there is also a denticulate, spinose, or delicate

fringe along the free margin. These characteristic features are well

seen in Beyricliiopsis Jimbriata.

* Monogr. Carbonif. Biyalvecl Entom., Palseont. Soc. 1884, pp. 77-79.

t Geol. Mag. dee. iii. vol. i. 1884, p. 356.

I Ann. & Mag. Nat. Hist. ser. 4, vol. xv. 1875, p. 52; and 'LethisaEossica,'

1860, vii. p. 1347.

§ Ann. & Mag. Nat. Hist. ser. 3, vol. xv. 1865, p. 406.

I Monogr. Oarb. Biv. Entom., Pal. Soc. 1874, pp. 32, 38, 40.
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Table I.—Showing the Stratigraphical Distribution of the Ostracodain the Carboniferous Series of SiJotland, and in the Permian

and Carboniferous Series of the North of England.

THE NORTH OF EN-GLAND.

'' Upper

Middle

, Bairdia plebeia, B. ampla,

•idiJQa primteva, Macr. Jonesiana, Bairdia plebeii

anjiputata, B. acuta, B. K' "" " " " ^ --•'--=-

medik, Cythei-ella nuciformii

Slarl-slate

Lower Red Sandsto

K. perraiana, M. Joncaiana, B. plebeia, B. ampla, B. Uisinp;eri, &o

J Remains of reptiles, flshea, and plants; no OBtraooda.

i ( Upper ] ^ Carbonia fabulina, 0. Eanki . secano, with Leaia Leidyi.

^ Group with workable j Cypridina radiata, Carbonia fabulina, C. Bankiaiana, 0. pungens,

1^ I coala
I

Beyrichia arcuata.

Upper ,

S -i
Middle ,

\ Lower

J Leperdi'tia inflata, Beyriohia aubarcuata.

BeyrielSiia arcuata, Carbonia fabulina, C. Rankiniana, C.

C. scilapellua, C. Wardiana.

Beyricliia arcuata, Carbonia? sp.

riLLSTONE GEIT. Millstone Ghit.

if Lep. Okeni.L. auborbicnlata, Beyr. radiata, B.multi'oba, B. bitubercu-

lata, B. ventricornia, Kii-kbya permiana, K. Urei, K. rigida, Bairdia

plebeia, B. Hipingeri, B. curta, B. siliquoides, Cythere ? cuneola, C. ?

corifigera, Cytherella recta, C. sequalis, C. scrobiculata, &c.

Carbonia fabulina, C. Rankiniana, Leperditia Toungiana, Beyrichif

Lower group with

Cypridina printiseva, C. Phillipsiona, Polycope simplex, P. Toungiana,

'Lep. Okeni, L. Armstrong! ana, L. suborbiculata, Bcyrichia radiata, B.

multiloba, B. fastigiata, B. bituberculata, B. Tentricornis, Kirkbya

permiana, K, umbouata, K. Urei, K. oblonga, K. spinosa, Cytherella

Benniei, C. recta. C. brevis, C. scrobiculata, C. simplex, Bythocypris

bilobata, B. carbonica, Cythere? cuneola, C. ? cornigera, Bairdia

plebeia, B. curta, B. Hisingeri, B. breris, B. ampla, B. submucrouata,

B. subelongata.

nt-stone group ,

Lep. Okeni, Beyr. radiata, Kirkbya permiana, Bairdia plebeia.

Carbonia fabulina, C. Rankiniana, Lep. acotoburdigalensis.

Lep. Okeni, Beyr. radiata, Cythere? ap., Bairdia plebeia, B. HisingerL

B. amputata, B. breTJ a, B. subelongata, Cythere? sp.

Carbonia Rankiniana, C. subula.

Lep. Okc

Lep.

, Kirkbya spirali

otobtirdigale

Beyrichiopsia fimbriata. Leperditia Okeni^Bairdia sp., Cytherella ap.

Lep. scotoburdigalensia, Beyr. subarouata, Cythere? superba, Cythe-

reDa extuberata, Kirkbya spiralis.

L Okeni L scoto., Beyr. subarcuata, B. sp., K spirali^ K. pUcata,

Cytherella extuberata, C. attenuata, Bairdia plebeia B. Hisingeri,

B . siliqnoid es, B. prfficisa, M acrocypna Jonesiana, Ai'g.Ucecia a^qualis,

Beyriohia aubarcua"terCarbonia ii^^^Jli^ITc^to^iana.

bituberculata, B. ventricornia, K. permiana, K.

In, K. spinosa, Cytherella scrobiculata, C. recta,

ypris bilobata, B. carbonica, Cythere? cornigera,

I'la plebeia, B. ampla, B. brevis, B. submucronata.

Cornatone or Red Sand- "1

j, ^iiya subrecta, L. Okeni.
stone group f

-""t"""

YoBEDALE Rocks

Leperctitia Okeni, L. loviccnsis, Beyriohia radiata, B. craterigera,

beV-culospinosa, Kirkhyu uiMl.o.,:.ta, K. co.«tata, Bythoc.vpna b

bata, Cytherella valida, O. V„muvi. Jiyth„eythere antiqiw, Cythe

)la, C? thraso, Jiairdia lUit:., Ji. plebeia, B. ampla, B. arapu-

B. grandis, B. submucruimia, B. subelongata, B. brevis, &o.

L. Armatroneiana, K. _permiana,_Bythocypri8 bilobata,

amputata, B. bre
'

B. Hisingeri, Xestoleberis ? subcorbu-

CAnEONIFEEOUS OB SCAB J L. OkJmi, L. suborbiculata, 1. scotoburdigalenais, L jubrecta, Beyr.

Limestone ^ crat^VigVra, B. ? crinita.B. radiata, Beyruhiopsis sulxU-ntate, B. flm

_ — , -- bonata, Cytherella vaHda, C.

tuberata, Argillffieia a?quali8, Macrocyia-is Jonesi-

iig.ri, B. curta, B. plebeia, B. submucronata, B.

ix Tatei, and others.

LOTVEK LIMESTONE-BHALK.





THE CAEBONIFEROTJS fOEMATIONS OF THE BRITISH ISLES. 507

2. Phreatura *, gen. nov.

Valves small, subreniform in outline ; seen from above or below
the carapace is subcuneiform, pointed in front, truncate behind.

Left valve the largest, and overlapping the other nearly all round.

The surface of the valves smooth, but impressed at each end with a

comparatively large and deep pit ; hence the name. The only species

yet known, namely, Phreatura concinna, J. & K., is about ^^^ inch
long, and is very neat in shape. This genus approaches the Silurian

Thlijpsura.

3. YouNGiA, gen. nov.

Minute, elongate, subrectangular, thick-sheUed, and smooth, with
a straight dorsal border that has the contact- surface of the hinge-

margin denticulated along its whole length, after the manner oiArca.

Only one species {Y. rectidorsalis, J. & K.) of this genus is as yet

known to us, and it was discovered by our friend Mr. John Young, of

Glasgow, with whose name we associate the genus. The discovery of

additional species may probably add to the generic characters. The
chief feature of the genus, as now known to us, is its toothed

hingement, which is certainly unique among the Carboniferous

Entomostraca, though partially represented in Gytheridea among
later forms.

Note.—Since this paper was read many of the species here men-
tioned have been described and figured in the Annals & Mag. Nat.

Hist, for October 1886, and the Geological Magazine of the same
date. Others in the Proceedings of the Geologists' Association,

vol. ix. part 7. With them also the following new species have been

described and have to be added to the following lists and Table,

namely :

—

Cythere ? ohtusa, J. & K. Yoredale series ; Lowick, Northum-
berland. Ann. & Mag. Nat. Hist. October, 1886, p. 266, pi. ix.

Beyrichiojpsis cornuta, J. & K. Carboniferous Limestone series

;

Linlithgowshire, Pifeshire, and Northumberland. Geol. Mag. Oct.

1886, p. 436, pi. xi. fig. 11.

Beyrichiella cristata, J. & K. Calciferous Sandstone series ; Ean-
derstone, Fife. Geol. Mag. Oct. 1886, p. 438, pi. xii. fig. 6.

We may add that Cythere ? cuneola, corniyera, pyrula, and thraso

are now referred to Bytliocypris with some doubt ; and C. ? luaata

more decidedly to that genus. Beyrichia Holliana may be a Pri-

onitia ; and B. reticosa and ventricornis probably belong to Bey-

richiella. Bairdia subcylindrica? (Miinster) should have been

entered under sp. 146 as belonging to the Lower Carboniferous of

East Scotland (p. 500).

* From 0peap(-aros), a well or pit, and oupa, a tail.



508 PEOF. T. E. JONES ANB ME. J. W. EIEKBY ON OSTEACODA OP

•aaoHng;

•ajuYTtaaj

saans'Beui

Q

•aadd^L I *

aiPPTM

•aaMorj *

srioaajtoj'BQ

02

-pop

d <D S-i

O fl o

Q

M9dd£[

•aiPPIH

•aaMorj

•auo^spu'Bg

->J EH

O O

•saans'Bara

1^ snoja^iuoqj'eo

•I - -

'^ -"Jj S3 S « -r" ?; ^ "r!

%! :

:pq

•S ^-'-^ s ^ "^
C: C3 fH CO c

•s
. I I 1 1 I I

I

I

I

•r-( - r-( t>l ^

finH

Q I I

'Sl



THE CAEBONIFEEOtrS FORMATIONS OF THE BRITISH ISLES. 509

•3f*4e-*-3(-* -Sfr-Jf-X-^^f^f** * * *** * * ^

* * * * >le.s!c. .*•*. j(tJl:3k ***

* e«-. • >!e £»-,

IS c«^
=b^

e6"S

-1-i o "d ?^

I

: :=^

• ,o ^

t^^) r ce 03

19 3

o

1-&

^^.
<%.§

^^ ^^ 3^
ot> o*a 0-3

— ai w —' w

wS

3

^'i

52 I I

ei i? I I 2

:=j M -"53 -^ §
g § g .S ^ _,-

>-

t^ e

^
00 (ji d ,-M c>i CO -^'cot' 00C5Oi-l(MC0Tt< ^0<:Ct-0000'-H(MCO'tilCOt'OOC50r-HC<JCO

(M(M (MCMCOCOCOCOCO CO!^:>COCOW^*«t>r^'!rlTt(Tt(TtlTtl'5tlO^OlO^O



510 PEOF. T. E. JONES AND ME. J. W. KIEKBY ON OSTEACODA OP

•ajOHng;

•aiiviaai

< 00

Xil

.©
O)

P! ® i^O C ®

Q

[8ddj[2

^IPPIH

•jaMOrj;

•9nO!}SpU'Bg

gnOJ8JT0]'B0

•saans'BGtn

-poo

fl <3^ f-i

O a Qi

o

•aaddfj^

•8TPPTH

•jeMOrj

•9no:^spn'Bg

SnOJ8JI0|'BQ

o o

•saans'Beni

-poo
•SJIOO^

9t'Bp9a:o25^

•9U0!|S9niTr|;

snoJ9jiuoqa'G(3

ft .

Hi pO o
[£1

•890118139 ai

-poo
•9U0^S9niT^

snoa9jraoqj'BQ



THE CAEBONTFEROUS FORMATIONS OF THE BRITISH ISLES. 511

* -x- ^ * -Sf

* * * ^ • -x-

* * * * . jjc

* * * sic

* ^f • -Jt * • -X- -X- -X-

* * -Jf * *

** : :*^ :* : : :* :* :**<>'** j I** .'* :

on e3 O VI3 K '53 o §

•S

o
eS

o

o

QD Oi o r-M (?q (^< "^ o CO ^^ 00 ci o r-^ c^i CO r*5 ic ?d r-^ 00 C5 o r-H (>i 55t-t-OOCOOOOOC»OOOOOOCOCOOiCiOOiOiC50i05Gi050000000000^'--ir-i,-(--i,-i



512 PEOr. T. E. JONES AND MR. J. W. KIRKBY ON OSTEACODA OP

•adOHng; CV. *

•aiivTfaai : : cv^iN.

1^

•saans'Bara

-poo
* -sf * * : : :

Carboniferous Limestone Series.

•aaddfi^ •X- 4fr ^ '.
\

: :
* :

:

•91PPIH : : * * : : : : : :

•JGAVOrj; **: *i* ** * * * i*>ic

•8no:;spu'Bg

snojgjTopQ ::: ::: :: •** |***;

OQ

•saans-eani

-poo ::: -x-*; |* *:: :::::

Carboniferous
Limestone Series.

•jaddji *:* *:: :: :::*::::

•9IPPIM : : : * * ; j j : : : : : : : :

•a9A4.0rj; * * : : : : : ^ : :
'^

: :
-Jf-

: i

•auo^spu^g

snojajiOT-Bf) : : : -je *- * • | : : * • * * •3«- • -x-

England,
North.

•s9jnsB9ai

-poo
: : : ^ ^ : ^ ^ : -x- -x- j ::::::

•sj[ooa:
* * : :::::: ::**:::::

•gno^sannrj

snojajinoqjcBO
* : : ::•:;: : : * ::**:*

8 =

1-

•sajus-Baui

-1^00 ::: **::^:**::: ::::::
•9U0!|S9niTrj;

snoagjTuoqa'BO
*:J-3f**|||'|jj|||4f :*:*::

i

1 !

1 1

1
Carbonia

fabulina,

J.

^K.

Rankiniana,

J.

^K

subula,

J.

^K.

scalpellus,

J.

<^
K.

secans,

J.

^K.

•

;

)ungens,

J
^
K̂

Evelinas,

Jones

Agnes,

Jones

?

bairdioides,

J.

K̂

Wardiana,

J.

^K.

Bythocypris

bilobata

(Miinster)

Phillipsiana,

Jones

^
Roll,

var.

carbonica,

J^K.

Ji

i\
II

^ '.
:

}

1

^
rH T-l r-l (M (M (N (M (M (N (M Cq (N (M CO CO CO CO CO CO CO CO CO



THE CAEBONIFEROTJS FOBMATIONS OF THE BRITISH ISLES. 513

* *

: * •

: : :

* 5!« * * * * * m * * : *

:

: :

* * * * •K- * * -x- x- : * * * x- * ^ *

* • -X- * 4f *
:
* * 5lt :

:
* ^ *

::::::::::::::: : : : :

: <>. * * * : :
* X

:
*

i i I

! ; : i : : i : : i : i i : i ':
: :

* * -X -x * *
i
* * *

i
* * * *

:

* 1 * *
: i :

*
:
* 4f * *

:
* * *

: : : : ::::::::::: : : : : : :

* ': •x- * * 3f -X-
:
* * * *

i : i
* * •Sfr * *

i i

* * * * : 3«- * '•

-Sf •3f *
i ;

: x- * * ^ 3f * ^ ^ X- *

^^^^

U^K-^^J^S>J g "^^ c3

K
.2 c3 O

^

-^i.

s^

OQ C3 OQ

,52 "TS ,-5

> C S

k: .2 ^ ^ cs 'S

^ o ^-.| 3 g ^ gc-Q-§^-^ 9 a

^ fl

5== ill

«
ô
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Note.—A few weeks ago Mr. J. Ward, F.G.S., of Longton,

favoured us with a specimen of impure limestone from the Mill-

stone Grit of Danebridge, Macclesfield, containing Ostracoda. Unfor-

tunately the matrix is so refractory and the valves are so imperfectly

preserved that we cannot in any case determine either the genus or

species. Mr. J. Bennie informs us also that he has incidentally

noticed Ostracods, in beds holding a Millstone-Grit position, in

Scotland. So it is evident that fossils of this order exist in rocks of

this Middle Carboniferous age, and that only additional search is

required to bring them to Hght.

—

October 18, 1886.

DlSCFSSION^.

Dr. Woodward congratulated the Authors on their care and
patience in working up the subject. Much of this work was done

under considerable discouragement, since the siliceous examples in

which the structure of the appendages is preserved are not available

in this country, and without these authors are dependent solely on
the examination of the characters presented by the carapaces.

Mr. Brady, who had examined the specimens upon which Prof.

Bupert Jones's observations were founded, was satisfied that the

classification adopted by the author for the fossil Ostracoda was the

best that the materials afforded.
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42. The Geology of Cape Breton Island, N'ota Scotia. By Edwin
Gilpin, Esq., Jun., A.M., F.R.S.C, Inspector H.M.'s Mines.

(Read June 23, 1886.)

In the following notes the writer has tried to give a brief account

of the geology of this island from notes of his professional work as

Inspector of Mines and from other available sources. Mr. R.
Brown, of the Sydney mines, lived for many years on the island

when it was, geologically speaking, an unexplored region. The
Transactions of the Society contain several valuable papers of his,

giving many details of the Carboniferous system. Sir J. W. Dawson,
in his 'Acadian Geology,' indicated the outlines of the principal

geological divisions, and devoted much attention to the Carboni-
ferous flora. During the past fifteen years Mr. H. Fletcher, of the

Canadian Geological Survey, has explored and mapped the island,

and the map accompanying these notes has been reduced from the

large scale-plans accompanying his annual reports, from which I

have taken several sections. Valuable reports were made by Pro-
fessor Lesley, Mr. Lyman, and others on several districts considered

of economic importance ; but the list of writers is a scanty one.

The geology of Cape Breton is notable on account of the develop-

ment of two great rock series—the Carboniferous and the Pre-

Cambrian. There are no measures known later than the upper
portion of the productive Coal-Measures, and between the basal

conglomerate of this period and the Pre-Cambrian there intervene

only a few areas referred to the Devonian and the Lower Silurian.

The following formations have been recognized in Cape Breton by
the officers of the Geological Survey:—

Pre-Cambrian (Laurentian)

:

J 1
-]. r The Felsite series,

° \ The Crystalline Limestone series.

Lower Silurian.

Devonian.
Carboniferous :

( Middle Coal-formation,

j
Millstone Grit,

Including \ f Gypsiferous series,

I
\ Limestones, &c.

\^ Lower Coal-formation.

Pre-Cambeian, Felsite Series.

The exact age of the strata included under this term has been a

matter of doubt, and many have called them Laurentian. Their
isolated position has precluded the chance of following them into

regions where convincing stratigraphical relations can be found.

The auriferous rocks of the Atlantic coast of JSTova Scotia do not
extend into the island, but they supply an important link in the
geological sequence. They are considered to be Lower Cambrian,
the equivalents of the Longmynd series, and appear with the

Acadian series of St. John, New Brunswick, to belong to the gap
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between the Lower Silurian or Upper Cambrian of Cape Breton, to

be alluded to as probable equivalents of the Lower Potsdam or

Lingula Flags, and the series under consideration.

This formation occupies more than one half of the island. North
of the Bras d'Or lake it stretches in a wide belt to Cape St. Law-
rence, interrupted only by the Carboniferous of Margaree River and
Lake Ainslie, and by narrow fringes of the same strata around the

shore and along the valleys of some of the larger streams rising in

the centre of the island. Other large areas are occupied by these

strata at Cape Mabou, Washabak, Judique, Mira, Boisdale, Cox-

heath, and St. Anns, where they rise prominent among the low-

lying hills and valleys of the Carboniferous.

Two divisions have been recognized in these measures. The
lower consists of laminated felsites and of interstratified porphyry
and syenitic* and gneissoid rocks ; the upper is characterized by the

addition of great beds of limestone. Mr. Fletcher, speaking of the

lower division, gives it as the result of his experience that both the

felsitic and syenitic strata are intimately associated as part of the

same group of crystalline rocks, differing not so much in compo-
sition as in the degree of crystallization they have been subjected

to, and that as no evidence has been found proving the higher posi-

tion of the felsites, they may at present be considered together.

The Washabak hills consist of gneiss, mica-schist, syenite, diorite,

hornblende rock, quartzite, and felsite ; all are more or less foliated,

and sometimes in exceedingly thin laminae. The Boisdale and Mira
hills are made up chiefly of obscurely bedded syenite, with limited

areas of other rocks ; the Coxheath hills of alternations of syenite,

quartzite, and compact felsite ; and the East Bay hills of felsite,

syenite, and granite, in every gradation of colour and texture. In
the Boisdale hills this series is represented principally by bluish and
grey syenite. The syenite contains seams of a serpentinous mineral,

and passes frequently into granite, quartzite, felsite, and a fine-

grained porphyry, with interspaced flakes of hornblende, felspar,

and mica.

In the districts of Gabarus and Louisberg felsites predominate,

and at the former place include beds of felspathic sandstone. Pos-

sibly further examination may assign these rocks to a horizon higher

than that represented by the East Bay section (to be given below),

or they may prove to be later than the crystalline limestone series.

At Cape Porcupine, on the Strait of Canso, slates occur with coarse

syenite, and felsites resembling those of Louisberg and Gabarus. In

the Sporting Mountains the felsites occur with red syenite, whereas

the Craignish mountains are composed principally of reddish syenite,

overlain by the limestone series. In the northern part of the island

the exposures of the great expanse of these rocks present the same
general features. It may be assumed that a more minute and extended

study must be devoted to this interesting series of measures before

it can be decided what subdivisions, if any, can be determined on.

* The term " syenite " is applied by the Canadian Geological Survey to a
mixture of quartz, soda or potash felspar, and hornblende.
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The following section at Irish Cove, East Bay, may serve to convey

a general idea of the character of these measures, and of the asso-

ciation of the felsites with the red and grey syenites :

—

ft.

Greenish, white, and red laminated and granitoid felsite 480
Greenish felsite and red syenite 100
Bluish soft porphyry 85
Purple and bluish laminated felsite 233
Red syenite and reddish soft granitoid rock 247
Greenish and reddish granitoid rocks, often nearly pure felspar 269
Felsite and syenite of variable composition, with veins of calcite 130
Eed granitoid felsite, with diorite 160
Similar alternations of red and greenish felsites and syenites

make up a thickness of .. 3000
Eed and grey syenite, coarse and fine 2333
Similar measures, composed of alternations of felsites, syenites,

and aluminous nacreous shales, greenish and grey in colour,

make up a section not less than 8900 feet in thickness.

At numerous points throughout the island these measures are cut

by dioritic dykes, some of which are as late as the Lower Carbo-

niferous, but they have not yet been described in any detail.

Crystalline Limestone Sbeies.

Unconformably resting on these strata, but agreeing with them
in their general development and position, is an interesting series of

felsites, syenites, diorites, mica-schist, quartzite, and quartzose con-

glomerate, interstratified with crystalline limestone and dolomite.

These measures are locally known as the George's Eiver Limestones

of St. Andrew's Channel, the locality in which they are typically

developed and were first referred to their true position.

The alternation of the limestone with the gneissoid and related

rocks brings them into close connection with the felspathic group,

from which, however, they are apparently separated, owing to the

presence of red syenite and felsite pebbles in the lower conglo-

merates and by unconformability. Similarly the Lower Silurian

conglomerates of St. Andrew's Channel have received witnesses from

this limestone series. However conjectural any speculation may be

as to the age of these measures, it is certain that, as compared with

the metamorphic slates and quartzites of the Lower Cambrian auri-

ferous strata of Nova Scotia and the fossiliferous Lower Silurian of

St. Andrew's Channel, they mark a line equal to that observable

between the latter and the indurated Devonian and Carboniferous

of this island.

The area occupied by this limestone series is limited in compa-

rison with that of the felsite group, but it was formerly, in all pro-

bability, of much greater extent, for it presents at several points

traces of having suffered severe denudation prior to the deposition

of the Lower Silurian strata ; and this is borne out by the thickness

of the George River section, viz. 6602 feet.

In the northern district a narrow band stretches between Dundas
and Ingonish rivers. Excepting a small patch on Middle River, it

is not met with again until the head of Whyhogomah Bay is reached,

Q.J.G.S. Ko. 168. 2n
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whence it stretches in a broad band for several miles, and its former

further extent is marked by isolated patches as far as Cape Porcupine,

on the Nova Scotian side of the Strait of Canso. The Malagawatch
hills are flanked by a narrovr fringe of the same series, known as

the Marble Mountain. It is most typically developed on the Bois-

dale and Coxheath hills, where it extends, in a narrow and inter-

rupted band, from Escasonie, on East Bay, to St. Andrew's Channel.

The following section from the last-named district will serve as^

an index to its general character in the localities alluded to :

—

ft.

Compact granitoid felsite of many colours 74
Grrey and greenish friable gneiss 23
Black and amber-coloured vitreous quartzite 115
White and grey syenite 140
Massive white vitreous quartzite 400
Bluish granitoid rock 3
Colourless laminated quartzite and red syenite 68
Greenish finely crystalline hornblende rock 141
Red syenite 8
White and bluish crystalline limestone 13
Eed syenite 8
Greenish-grey granitoid felsite 29'

White and bluish limestone and dolomite 8
Eed syenite, felsite, and porphyry 7
Limestone, bluish and saccharoidal 16
Eed syenite 2
White limestone and dolomite , 378
Greenish fine-grained felsite , 37
Greenish pyritous granite and felsite 112
Granitoid rock 18
Eed syenite 37
Granire, quartzite, and bluish felsite 473
White, bluish, and grey quartz, bluish granite, and red syenite . 3794

The above, with some concealed intervals, make up a thickness

of 6602 feet.

These strata resemble in many points the Limestone series over-

lying the syenitic and felsitic group of JSTewfoundland and New
Brunswick, and form the principal argument in favour of referring

both series to the Laurentian. Mineralogically there is also a

resemblance, for in Cape Breton, asbestos, mica, plumbago, and
bedded iron-ores are frequently met among the limestone series, and
the discovery of apatite would render the comparison with the

Quebec Laurentian limestone complete.

Lower Silurian.

The area of this formation is limited. Its principal exposure ex-

tends along the southern side of the Mira Eiver for about 30 miles,,

and has an average width of about 7 miles. A narrow, irregular

band stretches from Escasonie, on East Bay, nearly to the mouth of

the St. George's River, its width, however, never exceeds one mile.

A small patch is also exposed at Shenacadie, on the Little Bras

d'Or Lake.

The thickness of these measures has not been determined, as they
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are greatly folded and repeated by faults. They are distinguished

by numerous beds of conglomerate, and of fine and coarse grits,,

plainly derived from the Pre- Cambrian strata. At numerous points

are found beds filled with species of Lingula, Trilobites (Agnostus and
Olenus), Orthis, Obolella, &c., comparable with the fossils of the

Lower Potsdam of the province of Quebec. At several points there

are beds containing nodules of phosphate of lime, resolvable under
the microscope into a bituminous paste holding siliceous matter and
fragments of Lingulce &c.,-—coprolites, presumably of some of the

larger species of Trilobites. Mr. Pletcher further draws attention

to the general similarity of these measures to the primordial rocks

of Kewfoundland, and to those found by Mr. Kichardson on the

Strait of Belleisle. The following abstract of the section of these-

rocks, as exposed on Long Island, will show their general character

in St. Andrew's Channel :

—

1. Greenish-grey, coarse, calcareous conglomerate, containing red syenite,

felsites, and quartzites of many colours, interstratified with coarse,

micaceous, haematitic sandstones, and blue, purple, and red felsites.

2. Bluish, slaty felsite, with much calcspar and haematite.

3. Greenish, calcareous, pebbly and shaly sandstones.

4. Dark blue, greenish, and red felsites, with pebbles and veins of calcspar.

5. Sea-green and bluish conglomerates, with pebbles of felsite, calcspar,

quartzite, and argillite.

6. Bluish felsite, with much calcspar.

7. Bluish limestone.

8. Red conglomerate.

9. Bluish hmestone, felsite, and contorted argillite, with veins of hgematite

and calcspar.

10. Bluish quartzose grit, passing into a red conglomerate,

11. Limestone and felsite alternating in thin beds.

12. Bluish-grey felspathic sandstone.

13. Alternations of felsite, limestone, quartzite, and argillite.

14. Indian red sandy marl, with calcareous sandstone.

15. Bluish felsite, with beds of limestone and quartzite.

In the Mira Eiver district, on the Sydney road, are met greenish,

purple and reddish, soft, felspathic, micaceous, arenaceous shales and
sandstones, quartzite, grit, and conglomerate, with pebbles of lime-

stone and greenish argillite. On Kelvin's Brook are conglomerates

containing pebbles of the Pre- Cambrian Measures, succeeded by
purple, grey, and red quartzose and felspathic sandstone and grit,

and by Indian red argiUites ; and on Salmon Eiver are beds of

whitish sandstone, with impressions of Obolella, &c., with red sand-

stone, marl, conglomerate, <S:c. It may be remarked that these

measures are, as a rule, free from the eruptive rocks which charac-

terize the succeeding formation at many points.

Devonian.

These measures occupy an irregular tract, extending from Loch

Lomond to St. Peters, and reappear in Isle Madame. They are met

with again in that part of Guysboro Co., in Nova Scotia proper, lying

between Chebucto Bay and the Strait of Canso, and, recrossing the

Strait, extend irregularly from Plaster Cove towards the head waters
2n2
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of Eiver Inhabitants. The available evidence points to the Devonian
age of these measures, as laid down by Mr. Fletcher ; but Sir J. W.
Dawson is inclined to refer part, at least, to the Silurian. Further
search may provide more fossil evidence, although, as Mr. Fletcher

remarks, the rocks consist generally of shallow-water deposits.

The unconformability between this formation and the preceding

is much more marked than between it and the Carboniferous ; but

the unconformable junctions with the latter are strongly marked at

Arichat, Leunox Passage, and Guysboro Harbour by degrees of me-
tamorphism, included pebbles, and stratigraphical position. The
total thickness of the formation has not been ascertained, but the

dimensions of various sections would corroborate that of Lennox
Passage, where a vertical thickness of 10,000 feet has been measured.

The measures, as described by Mr. Fletcher, are arenaceous,

argillaceous, and nacreous shales and sandstones, passing into grits

of grey, red, and purplish shades, with beds of conglomerate holding

quartzite and felsite pebbles. Limestones are met with at several

points, and, as at St. Peters, Pirates' Cove, &c., appear to mark an
upper horizon. At numerous localities masses of diorite and trap are

protruded among these measures. This is especially noticeable in the

vicinity of St. Peter's Canal. The canal itself is cut in a rock con-

sisting essentially of a greenish-grey and bluish mixture of horn-
blende and felspars, intersected by veins of quartz and felspar. In
the Indian Reserve, in the same district, the sedimentary rocks are

broken through by grey and greenish compact and granular diorite,

and pyritous epidotic felsite, traversed by veins of calcspar. At
Jerome Point &c. are found exposures of black, greenish, and purplish

compact or granular, rusty-weathering trap, which is sometimes

porphyritic or globular, and charged with zeohtes, haematite, and
chlorite. At several points near St. Peter's and Guysboro, impor-

tant deposits of specular ore are met with, apparently associated

with these eruptive rocks.

Caebonifeeotjs.

This formation is conspicuously developed in Cape Breton ; and,

apart from the fisheries, to its coal and fertile limestorfe and gypsum
soils are due what measure of prosperity the island enjoys. Sir J.

"W. Dawson, in his ' Acadian Geology,' has arranged the Carbo-

niferous of the Lower Provinces in the following subordinate for-

mations :

—

1. The Upper Coal Formation, containing coal-formation plants,

but only thin coal-seams.

2. The Middle or Productive Coal Formation.

3. The Millstone Grit.

4. The Carboniferous Limestone, with marls, gypsum, &c.

5. The Lower Coal-measures, holding some of the middle coal-

formation fossils and thin coal-beds.

Some districts do not present all these divisions, the lowest one

being frequently wanting or sparingly represented. And in many
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cases no divisional line can be drawn separating the Millstone Grit in

its passage upwards from the Productive Measures, or downwards
from the limestone series. The most instructive section is that at

the Joggins, in Cumberland county, Nova Scotia, where all the sub-

ordinate formations are fully developed.

In several cases in Cape Breton the gradual passage of the sub-

divisions is strongly marked. In this island the arrangement of

this formation isr that of valleys between the ridges of the Pre-

Cambrian hills, and their softer strata have been worn into broad
river-valleys and rolling hills of inconsiderable altitude. When
they rest on the flanks of the older hiUs, they present picturesque

and charming gorges, worn by the brooks, which are long fed by
the accumulated winter snows.

As the eastern district is the most typically developed, a brief

description of it will answer for the central and northern ones,

which resemble it in the physical characters of the rocks, and differ

from it chiefly in the correlation of the subdivisions.

In the Sydney, or eastern district, as in the remainder of the

island, the upper division is wanting, unless represented by a few
beds at Low Point, and some of the upper beds of the Hiver-Inhabi-

tants district. The shore, from Cape Dauphin to Mira Bay, is occu-

pied by the Productive or Middle Coal-measures, which are folded

in three undulations having an east and west axis, corresponding

to that of the Pre-Cambrian strata. As the measures are inter-

rupted at the anticlines, the exact identification of all the seams is

doubtful.

The following section in the Lingan district, in the centre of the

field, will serve to show the relative thickness of the strata and of

the included beds of coal :

—

ft. in.

Seam A 3
Strata 306 2

Carr seam 6 5
Strata ..5. 191

Barasois seam 12
Strata 379 3

David Head seam 8
Strata 235

SeamD 3
Strata 78

North Head seam 4
Strata 76

Lingan Main seam ... 8
Strata 95 3

Seam a 2 6
Strata 340 5

SeamH 1

This section does not embrace lower coal-seams of workable di-

mensions included in the Millstone Grit of the Geological Survey.

Shales, arenaceous and argillaceous, with red and green marls,

make up one half of the strata. The shales pass into sandstones,

and frequently carry ironstone nodules ; and the more argillaceous

beds are crowded with fossils, chiefly ferns. Many trunks of erect
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and prostrate Sigillarice, with roots attached and growing into the

coal, are seen in these shales. Trunks have been observed nearly five

feet in diameter, but they do not usually exceed two feet. The term
*' marl " is here applied, not to beds necessarily calcareous, but to

red and green shales which crumble on exposure. Sandstone-beds,

grey and white in colour, and often fifty feet in thickness, are met
at frequent intervals, and nearly always occur a few feet above the

coal-beds. Many of the beds are calcareous, and are then flaggy,

micaceous, and sometimes ripple-marked. Almost invariably under-

clays, highly charged with roots and rootlets, occur under the coal-

beds, but in a few cases the coal-seams rest directly on thin beds of

fossiliferous limestone, and, in one case, the floor is sandstone. The
coal-beds do not merit any particular notice, being similar in many
points to those of the Durham coal-field.

Millstone Gkit.

The division-line between this formation and the Productive

Measures is. entirely an arbitrary one, and, as marked on the Geo-
logical Survey maps, is regarded by many as encroaching on mea-
sures that may fairly, so far as their coal contents are concerned,

bo considered productive. This is borne out by the fact that a col-

lection of fossil plants, from a point apparently low down in this

horizon, about two miles east of Sydney, shows species, according

to Sir J. W. Dawson, occurring only in the Productive Measures,

and especially in its higher beds.

As compared with the higher division, these strata show a much
larger percentage of sandstones, frequently coarse and sometimes

felspathic, fewer argillaceous beds, and much false stratification;

and this formation is specially distinguished from those lying above

.and below it by the absence of calcareous matter. IS'ear the old

syenitic and felsitic rocks the prevailing colour is red; further

away, where the material has been derived from the preceding Car-

boniferous horizons, grey shales are met with. The maximum thick-

ness in this district is 5700 feet, but it rapidly diminishes towards the

north, until at Cape Dauphin only 500 feet are found. Numerous
coal-seams are met, some of workable size and persistent for long

distances. The long arm of Millstone Grit, extending up the Salmon
and Gaspereau rivers, contains several thin seams of coal, and may
represent the formation as developed east of Sydney.

The Carbonipeeous Limestone.

In the Sydney district this formation occupies a triangular tract

of country between the two arms of Sydney Harbour, and attains a

thickness of about 2000 feet. It is composed principally of red and
grey shales, sometimes approaching marls in aggregation, argillaceous

and calcareous, and frequently carrying nodules of ironstone and
limestone. Numerous beds of limestone are met, compact, lami-

nated, or concretionary, usually grey and blue in colour, but some-
times black and bituminous ; these are frequently associated with

beds of gypsum and auhydrite, in some parts of the island over
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200 feet in thickness. Beds of red and grey sandstone, usually

laminated, often micaceous and ripple-marked, are frequently met
with. The limestones generally contain the fossils characterizing this

horizon, and are frequently charged with galena and copper pyrites,

celestine and manganese ores.

The following section, from the ' Geological Survey Report,'

1875-7(3, p. 407, gives a good idea of the conditions under which
the gypsum and limestone are usually presented :

—

ft. in.

Bluish-grey columnar limestone 136
Green marl 9
Black bituminous nodular limestone, mottled greenish and

red compact limestone 55
Gray, compact, green, and mottled limestone 40
White crumbling gypsum 15
Green gypseous marl 7
Pink gypsum 0|-

Greenish gypseous marl 10
Pink gypsum and greenish marl 6
Red micaceous marl with gypsum 7
White gj'psum 1

White gypsum and marl, with veins of gypsum 1 6
Nodular gypsum, marl, and limestone 4

The gypsum varies greatly, and the following description of an

immense cliff, over one hundred feet in height, on the Bras d'Or

Lake, will serve to show its characteristic features. It is essentially

white, but spotted and tinted with many colours. It lies in beds

often massive, but frequently pointed in every direction. It is

usually compact, but often granular, minutely crystalline, or fibrous

and radiating. Crystals of selenite, of a brownish colour, frequently

occur in it ; they are isolated or arranged in radiating groups, and
sometimes give the rock a porphyritic appearance. The rock is fre-

quently traversed by veins filled with fibrous gypsum of various

colours, or with large plates of transparent selenite. Layers and
nodules of anhydrite and of limestone frequently occur in the beds

or divide them. Long-continued weathering roughens the surface

of the gypsum, owing to the presence of silica as sand. Glauber's

salt, common salt, and carbonates of magnesia and calcium, sulphur,

and several varieties of silico-borate minerals are not uncommon.

Lower Coal-Measures.

(^Lower Carboniferous Conglomerate.)

This, the lowest meml)er of the Carboniferous division, cor-

responding with the Bonaventure formation of Gaspe, and the basal

conglomerate of 'New Brunswick and Newfoundland, is of variable

voluine, and cannot in this district be separated by any strict line

from the overlying limestone formation ; and it is the opinion of

Mr. Fletcher that, in the districts surrounding the Bras d'Or Lake,

much of it may be considered contemporaneous with the Limestone

series.

In the Sydney district, near the Coxheath Hills, it has a thick-

ness of 2525 feet, which rapidly diminishes as its strike is followed
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to the north and south. This formation generally presents the

aspect of a friable, reddish conglomerate, the pebbles varying in size

up to a diameter of three feet. The masses are frequently of little

coherence ; in some cases the matrix is calcspar, haematite, or quartz.

The conglomerates, the distinguishing feature of the formation,

alternate with beds and masses of red and grey, coarse- and fine-

grained, friable sandstones, and with beds of red and green marl
and an occasional bed of limestone. Usually the upper beds are

finer than those at the base, but many sections are largely made up
of conglomerates.

Passing to the westward we meet the Carboniferous of St. Peter's

Bay and the Eiver Inhabitants. The marine limestone and some
representatives of the division just alluded to border St. Peter's Bay
and inlet and the northern shore of Isle Madame, and, passing under

the higher divisions, skirt the Sporting Mountains, and passing

round the head of West Bay, fill the valley of the Hiver Inhabitants,

and are exposed on the shore of the Strait of Canso at Plaster Cove.

In this group are included measures which resemble more closely

the typical Lower Coal-formation of Sir J. W. Dawson's 'Acadian

Geology ' than any met elsewhere in the island, and the tint on

the map really includes both the marine limestone and the lowest

division. These measures pass into the Eiver Denny's basin and

extend to the Grand Narrows.

The officers of the Canadian Geological Survey have grouped the

Carboniferous measures overlying these subdivisions under the term
" Middle " Carboniferous, including the Millstone Grit, Productive

Measures, and beds referred with doubt to the Upper Coal-forma-

tion, as the dividing lines are obscure and the structure not yet

fully worked out. On the map the Middle Coal-formation districts,

as indicated by coal-crops, are marked by their appropriate tint,

and the remainder of the debatable ground is referred to the MiUstone

Grit. Mr. Fletcher gives the total thickness of the Carboniferous

strata at 21,960 feet, which probably embraces all the subdivisions

already described in the Sydney district ; and, possibly, the 1350 feet

of measures referred to by him as overlying the Little-Eiver coal-

series (8926 feet thick) may represent part of the Upper Coal-for-

mation, subdivision No. 1 of Sir J. W. Dawson. The measures do

not present many points of interest calling for special mention. It

may be rem.arked that the coal-beds and their extent are imper-

fectly known, and that they are not considered so valuable as those

met elsewhere in the island. Some of the sandstones and shales

of the Eiver Inhabitants are little more than compact sand and
mud, while at other points the rocks have the normal hardness of

the Carboniferous strata.
*

In describing the Carboniferous strata lying north of a line drawn
from Baddeck through Whyhogomah Bay to Low Point, Mr. Eletcher

has adopted the following classification :

—

p , .. /Middle: Millstone Grit and Middle Coal-formation,
UarDomterous

| j^^^^^ . Conglomerate and Marine Limestone

;

but I have followed the regular classification on the map.
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The Coal-measures now form patches of what was, in all pro-

bability at one time, a continuous outcrop from Judique to Oheti-

camp. These strata resemble those described in the Sydney district,

and contain numerous beds of coal of excellent quality, which, how-
ever, have not yet been worked. The Port Hood coals, in their high

contents of water, from 3 to 7 per cent., resemble lignite coals, but

in all other respects are excellent bituminous coals. The Millstone

Grit of this district appears to be limited in extent, and may be re-

presented by some of the strata underlying the coal-beds of Port

Hood.
The line between these strata and the Marine Limestone is sharply

marked by unconformability and the change in the conditions of

deposition. The general characteristics of this subdivision are

similar to those already noted, and its distribution may be learned

from the map.
Underlying the Limestone series are numerous wide-spread areas

of grits, coarse sandstones, and conglomerates, with argillaceous

shales and a few beds of limestone. At Judique, Mabou, Broad

Cove, Forest Glen, Grand Etang, and Cheticamp these Measures are

greatly altered by the intrusion of igneous rocks. In the Judique

district these intrusive masses vary greatly in texture, colour, and
composition, but are essentially dark, massive, granular, and com-
pact, chloritic, dioritic, and felsitic rocks. At many places little

change has been produced in the sedimentary rocks at the point of

contact, but frequently the metamorphism has been so great that no
line of contact can be observed, j^t other points these strata are

comparatively unaltered, and at Hunter's Mountain, Whyhogomah,
and Lake Ainslie they hold bituminous shales with impure coal-

beds, show signs of petroleum, and resemble the Lower Coal-Mea-

sures of Plaster Cove.

Superficial Geology.

The superficial geology of Cape Breton does not present many
points of interest. There are, I believe, no moraines to mark
glacial action. The earth-covering varies according to the age and

nature of the underlying strata. The Pre-Cambrian rocks are fre-

quently almost bare, and their rugged and steep hill-sides afford soil

only for the growth of timber ; and rains following forest-fires have

frequently denuded large tracts of almost every trace of earth. The
more level tracts of the Pre-Cambrian, Silurian, and Devonian
measures are diversified by numerous lakes, with slow streams and

swamps. The soil is usually thin, clayey, or sandy, with boulders of

the subjacent rocks. In the brooks and intervals sands and gravels

are met with of recent derivation from the adjacent hills.

In the Carboniferous districts the soils are deeper and often of

great fertility. The erratic boulders found over these measures are

derived from the neighbouring subdivisions of the felsitic and
syenitic series, and have seldom travelled far. In several localities

peat and carbonized tree-trunks have been found under these clays,

with remains ai^parently of Mastodon giganteus (?). There is a total
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absence in Cape Breton of the fossiliferous marine clay characterizing

the Post-Pliocene clays of the Lower St. Lawrence, and this may
he due to rapid elevation of the land. At present it is thought by
some that a slow subsidence is taking place.

The Carboniferous measures of the Sydney district have suffered

greatly by the action of the ocean, which is rapidly wearing them
away. At some points, according to Mr. E. Brown, the shore

recedes at an average rate of five inches per annum. This waste of

the softer measures has furnished material for the sand-beaches

which are numerous around the Bras d'Or Lake and along the

south coast of the island. The older rocks are often rounded, but

seldom show strise. Around Sydney Harbour and to the east and
south of Sydney the striae are observed chiefly on the Millstone Grit,

and vary between S. 45° W. and S. 78° W. magnetic. Similar

courses are met with at East Bay, Gabarus Bay, Pramboise, and other

points on the south shore.

It is perhaps probable that the courses of the compact ridges of

the Pre-Cambrian strata have determined much of the denudation,

and that the Bras d'Or Lake and the principal river-valleys owe
their form to the cutting-out of the softer shales and sandstones,

which are now frequently presented as fringing the harder and
older measures.

Some of the lakes present interesting marks of the action of ice.

The winter's ice, when melted around the shores of the lakes and
moved by ' the wind, frequently drives large boulders for yards

before it ; these leave long furrows in the mud, and remain, with

a mass of small stones and earth, in front of them. In other cases,

lakes are in this manner surrounded by dyke-like walls of stones

and earth.
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43. On some Perched Blocks and associated Phenomena. By
Thomas M^Kenny Hughes, M.A., F.G.S., Woodwardian Pro-

fessor of Geology, Cambridge. (Eead June 23, 1886.)

It is important to record any facts which may throw light on the

conditions which prevailed immediately after the age of extreme
cold which is commonly spoken of as the Glacial Period.

In the north of England round the Lake Mountains we have many
opportunities of examining details where the physical geography is

so marked that we may often feel considerable confidence in the

interpretation we put upon some of the facts observed. But even
there we meet with curious phenomena upon the exact explanation

of which we cannot yet with safety insist. Among these is the

manner of occurrence of certain perched blocks.

Perched blocks we will define to be masses of rock placed in more
or less elevated positions at which they could not have arrived by
any of the ordinary operations of nature now in action in that

locality. We wish by this to exclude all " tumblers " or masses which
have fallen from the cliffs above, such as the " Bowder Stone," in

Borrodale, and also rocks trundled along by the mountain-torrents,

which often in storm are swollen to the size of great rivers and leave

small deltas of loose material or isolated blocks in positions we should

never believe them capable of reaching as we watch the silvery

trickling thread of water in fair weather.

Some perched blocks may have been dropped off the margin of

glacier-ice; some may have been floated on coast-ice or bergs.

Among the perched blocks there are some, too, which all would
allow had been transported to their present locality by the former

action of the ice, though they may have dropped into the exact

position they now occupy in much later times, owing to the washing
away of the finer part of a great mass of Boulder-clay in which
they were imbedded. The removal of this, by postglacial denuda-

tion, has left them stranded where they are now found.

But there is yet another class of blocks, the mode of occurrence of

which requires some exceptional explanation.

These are what we may call the pedestal boulders, that is, blocks

perched on pedestals of limestone. The first question is, how were
the pedestals formed ? and the second, how did the boulders get

there ? It is on the phenomena connected with these that I propose

to offer a few observations.

I will take three groups which have the chief points in common
but differ in some important circumstances :

—

i. The boulders near Cunswick Tarn, West of Kendal.

ii. The boulders on Parleton Knot (the grey-limestone hill which
forms such a conspicuous feature on the east of the railway, about

haKway between Carnforth and Kendal).

iii. The boulders on Norber Brow, north of Austwick, in the

Craven District.

AU these rest upon striated rock ; all belong to a rock which
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occurs in place close by on the north side ; and all stand on
pedestals of limestone.

JN'os. i. and iii. are Silurian. Those in no. ii. belong to a different

horizon of the same limestone as that on which thej^ rest.

The Cunswick boulders have higher ground in front of them in

the direct line of transport.

The Parleton-Knot boulders are on ground sloping to the south,

but have a very steep hill on the north, up which the ice must have
been pushed.

The Norber boulders are some on the north side, some on the

south slope of the hill up which they were transported.

Now to examine these cases more in detail.

The Cunswick-Tarn boulders are few in number. There were
probably many more, which have been broken up and used for

walling. Those which remain stand in a pasture north of the Tarn,

which lies in a drift-puddled depression in the Mountain Limestone

close under the cliff, towards which, owing to the northerly dip, the

beds are slightly inclined. The blocks consist of the roughly cleaved

Silurian rock which occurs immediately to the north.

Pig. 1.

—

Boulder of Silurian, resting on Mountain Limestone^

Cunswick Tarn, Kendal.

This boulder must have measured originally about 8 X 6 X 3 ft. It has, however,

been broken, and only the larger part now rests on a pedestal, which rises

some 20 inches above the surrounding grass-covered limestone. The surface

of the pedestal is smoothed and furrowed roughly N. and S.

The blocks rest upon pedestals of the Mountain Limestone,

standing some 12 to 20 inches above the surrounding rock. This is

not so obvious in the case of boulders rising out of pasture-land, as

on the bare tables of limestone seen on Parleton Knot or Norber

Brow ; but even here it can be made out by scraping a little round

them.

The tops of the pedestals on which the boulders rest retain the

smooth surface given to them by the glacier, and have striae running

north and south. It looks as if just that part of the underlying

glaciated rock had been preserved which the boulder had protected

from the falling rain, aad over which it had prevented the growth
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of lichen and moss, while the surrounding surface had been eaten

away.
In this case, however, we must be especially careful not to

measure the time which it has taken to reduce the surrounding

limestone by the height of the pedestal, as this is obviously not due

to the rain only, but also and chiefly to the action of the damp soil

and vegetation, which has covered it all, up to the very base of the

pedestal on which the boulder rests.

On Farleton Knot the boulders, instead of being of Silurian, are

of massive Mountain Limestone. They appear to have been gene-

rally derived from a thicker bed than that on which they rest. Such
a bed occurs a little below the horizon on which they are found, in

a part of the series which crops out just over the brow of the hill to

the north. The slope of the hill generally coincides with the surface

of the beds, but here and there the surface is seen to have been
planed off irrespective of the bedding.

Fig. 2.

—

Boulder of Mountain Limestone on a Pedestal of Mountain
Limestone, Farleton Knot, Kendal.

This boulder measures 4 ft. 7 in, in greatest length, and 3 ft. 4 in. in height.

The pedestal on which it stands rises about 1 foot above the surrounding

grass-covered limestone. The strise on the pedestal run approximately

N.E. and S.W.

The pedestals are here rather lower than those of Norber Brow or

Cunswick Tarn, being not often more than from 3 to 7 inches high.

Some, however, are as much as a foot high, but only in those cases

where the growth of vegetation along the master-joints had obviously

helped the work. In many cases on Farleton Knot the boulders

seem to have protected a somewhat larger surface of the limestone

than that immediately below them ; but the part of the limestone so

preserved was always on the side away from the south-west wind.

It seemed also that the boulders and pedestals were breaking down
over the whole hill, and here and there one could see a round bump,
from 3 to 5 inches high, rising above the general level of the

limestone and marking the place where a boulder had formerly been

perched. Often the boulder was seen close by, whether pushed off
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by tourists or rolled from a pedestal which had perished too far on
one side, we could not tell.

The strise on the surface of the pedestals run about north-east

and south-west.

The boulders on Norber Brow were noticed by Phillips in 1827*

Pig. 3.

—

Boulder of Silurian, resting on a striated Pedestal of
Mountain Limestone, Norber Broiu, AustwicJc, Yorkshire.

and again in 1855 1, when he wrote as follows :—" Geologists will be
rewarded for inquiring into the remarkable distribution, over

limited breadths, and to elevations somewhat exceeding 1200 feet,

of blocks of the slaty and calliard masses which fill a large space

about Horton in Ribblesdale, and between this place and the village

of Austwick. Here they are in situ, occupying what, with reference

to the limestone hills around, may be regarded on the whole as a

hoUow space between two elevated ranges of limestone, of which
the northern is the higher, that on the south being depressed by the

Craven Pault.
" From this hollow, regarded in a general sense, masses of the

slaty rocks have been drifted by some force of water to the south-

west, south, and south-east, not merely or even mainly by the valleys,

but over the high ground, so as to rest on the limestone hills above

* Trans. Geol. Soc. vol. iii. p. 13.

t ' The Elvers, Mountains, and Sea-coast of Yorkshire,' London 1855, p. 111.
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Ingleborough House and Austwick, on the elevated ridges of Feizer,

on the summit of Giggleswick Scar, and at greater heights on the

rugged mountain over Stainforth, Langcliffe, and Settle, and eastward

of this place toward the summit of the road to Malham Cove. The
greatest elevation reached by the slaty rock in situ in the district is

about 1160 feet in Moughton Fell, the limestone there rising over

it to the height of 1404 feet. It is at about the same height under

the bare limestone of Long Scar. The hills on to which it has been

drifted southward do not in general rise so high as this ; but Feizer

is about 30 feet higher, and the point on the hills over Settle which
is reached by the blocks, in considerable number and of great magni-
tude, is not less than 1350 feet, nearly 200 feet above the highest

part of the native rock. Still more singular is the fact that the

limestone of Long Scar, the hill which rises over the slate to a height

nearly the same as that of Moughton Fell, is covered by very many
of these blocks brought from below, and scattered on the surface to

a height of not less than 1260 feet. The blocks are very often

perched : show no marks of abrasion ; no other drift matter is with
them ; they are collected sometimes into small groups ; and they

may be regarded as having been uplifted and floated by ice, and
dropped on surfaces which had been swept by currents clear of other

loose matter.
" In lower ground, to the southward, westward, and eastward, the

slaty blocks have been carried very much farther ; in this case they

are no longer solitary, but mixed with other sorts of detrital matter,

and occasionally show marks of attrition in water, which they

never do on the high limestone hills (see the Lithograph).

"

In the figure referred to (pi. v. fig. 3) he represents the block as

perched on an elevated part of the limestone, but he does not seem
to have observed the glaciation of the top of the pedestal ; nor does

the explanation that the surrounding part of the limestone had
perished since the deposition of the boulder where now found seem
to have occurred to him.

In a paper read before the Geological and Polytechnical Society

of the West Riding of Yorkshire in 1867, I drew attention to these

facts as follows :

—

" About a mile N. of Austwick, there are some very interesting

points connected with glacial phenomena and subsequent denu-
dation. Resting on the mountain-limestone plateau of ISTorber,

there are a number of large blocks of Silurian grit

These have been forced along from beds at a

lower level in Crummack valley, and left often on a bare table

of limestone. Now, as every one must have observed who has
walked over these limestone hills, the rock is jointed in all direc-

tions, and the water which falls on the limestone, whether as rain,

or as small streams, collected on the overlying Yoredale rocks and
drift, disappears in the crevices of the limestone. The result is, that

tbere are no streams running over its surface, and all the water
which reaches it at any distance from the shale or drift boundary,
is the rainfall on that particular spot. Well, this rainfall has been
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intercepted by some of the great Silurian boulders, and the result is,

that the original face of the limestone has been preserved under
them, while all around it has been eaten away by the rain-water,

and so the boulder stands on a small pedestal of irregular shape,

according as the surface has been more or less protected from the

splash and wind-blown rain. We can generally see under some part

of these overhanging Silurian blocks, and there we find the limestone

smoothed, polished, and strongly furrowed and striated down the

valley. Thus we have the print of the old glacier stereotyped as it

were in the solid rock, and one good fact clearly recorded to help us

to work out the history of the past.

" Another question which naturally suggests itself is, how much
of the limestone has been thus carried away by the rain ^only, and
of course the height of the limestone-pedestals above the surrounding

part gives us a measure of this. It appears to be generally from 12
to 18 inches. Here, again, we get more data for determining the

absolute age of some of these phenomena. Assuming the average

periodic rainfall to have been constant, or at any rate to be deter-

minable, and the quantity of limestone removed by a given quantity

of rainwater to be known, to find how many years have elapsed

since this limestone was first exposed to subaerial denudation"*.

Mr. Tiddemant also has referred to the manner of occurrence of

the boulders on Norber Brow ; Mr. Davis J mentioned them ; and
they have been more fully described by Messrs. Davis and Lees§.

Mr. Mackintosh
||
took up the problem above stated, and offered a

numerical estimate of the time which has elapsed since the limestone

over which the boulders are scattered was exposed to denudation.

As I pointed out in the discussion on that paper, there were too many
unsupported assumptions to allow us to attach much importance to

the results at which he arrived.

The value of this kind of evidence depends upon the accuracy of

the observations on the manner and rate of waste of the particular

beds of limestone on which the boulders rest. Every one familiar

with the Mountain Limestone knows how some parts stand out in

bluffs and some are readily cut back by subaerial weathering. Such
overhanging ledges and such hollow places, the rock-shelters of

primaeval man, are seen in most limestone districts, whether in the

newer rocks of the Dordogne or the older rocks of the Elwy and of

Parleton Knot. The mode of weathering is determined by small

differences in the character of the rock, such as the tendency to

break up into thinner beds, the quantity of earthy matter, the

crystallization being uniform and complete through great masses,

or producing only small concretionary nodules.

* " Notes on the Geology of Parts of Yorkshire and Westmorland, by T. M*" K.
Hughes, M.A., F.a.S.," Proe. Geol. Polytechn. Soe. West Riding of Yorkshire,

July 1867, vol. iv. p. 574.

t Quart. Journ. Geol. Soc. vol. xxxviii. 1872, p. 477.

J Proe. Geol Polytechn. Soc. W. Eiding Yorkshire, vol. vii. 1880, p. 266.

§ West Yorkshire, pp. 200, 201, 267.

1 Abst. Proe. Geol. Soc. Feb. 21. 1883, p. 67.
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So when we are examining, not the cliffs but the tops of the hills,

we find that the mode of weathering of the limestone is influenced

by the same differences of character, and the result is an endless

variety of fantastic forms in one case, and a more or less uniform

crumbling away in another.

Of external circumstances affecting the mode of weathering of the

limestone the most important is the vegetation. We see crevices,

where there can never be any mechanical abrasion' of the rock,

opened out into great chasms as lichen, moss, ferns, and grass succes-

sively get foothold in it ; and round the margin of the great lime-

Eig. 4.

—

Ground-plan shoiving Mode of Weathering of Mountain ^

Limestone. (1 inch=2 feet 8 inches.)

^ 1^

stone tables on which the boulders we are describing rest we see

the manner in which the rock is eaten back as the vegetation

encroaches along the lines of weakness, furnishing more acid and
holding more damp (see fig. 4).

Q. J. G. S. No. 168. 2 o
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We have to ask how far temperature and other climatal conditions

may have affected the amount of carbonic acid in the air and the

rapidity of growth and decomposition of the vegetation.

Carried through the deep fissures in solution, as a bicarbonate, the

dissolved portion of the limestone is again thrown down when the

water emerges and is aerated or evaporated, and again offers

tempting problems to the speculative who try to give us a geological

measure of time from the rate of growth of that most irregular and
variable of deposits, the stalactite and stalagmite of our caves.

In the case of a mass of rock on ice, we know that a slab so thin

that the sun warms it through melts its way down and sinks into

the glacier ; but a thick piece of rock protects the underlying ice

from the sun's rays, while the surrounding part is melted away, and
eventually the rock stands on a pedestal of ice. So in the case of

the earth-pillars near Yiesch or Botzen, the operation depends upon
the locality being to a certain extent protected from side winds and
upon the base of the pillars being easily and rapidly drained in

such a manner that they are not undermined. Where earth is pro-

tected from the straight downpour of rain by an umbrella-like capping

of stone, while the surrounding part is washed away, there an
earth-pillar is produced.

So we must explain the pedestal boulders of Cunswick, Farleton,

and Norber. But in this case the boulder does not merely protect

the underlying rock from the mechanical action of the rain or cut

off the direct rays of the sun ; we have here to take account also of

chemical and organic action.

It has been ascertained that even pure water will dissolve two
grains per gallon of carbonate of lime, but the water generally

contains a varying quantity of carbonic acid caught in the atmo-
sphere. As soon as specks of vegetation fix themselves upon the

rock the conditions are entirely altered ; not only is there a much
larger quantity of carbonic acid, derived from the decomposing

plants, but the growing buttons and masses of lichen and moss hold

the water like a sponge, fretting the stone away so that it has some-

times been mistaken for pholas-bored rock.

A large boulder placed upon the flat limestone rock keeps off the

rain which would destroy the glaciated surface. It further, by
cutting off moisture, interferes with the growth of vegetation, and

by keeping the rock dry prevents its being broken up by frost ; and
so these pedestals of limestone seem to have an origin analogous to

that of the ice-pedestals on the glaciers and the earth-pillars of

Botzen.

It is probable that the top of the pedestals on which the boulders

rest does represent a surface which has been exposed ever since

glacial times. But in the present state of our knowledge what
measure of the rate of waste can we apply to them ? or to what can

we apply them as a test of age ?

The pedestals seem to be gradually perishing; in fact there

must be a natural limit to their height. An umbrella held too high

wiU only shelter from perfectly vertical rain ; so when the pedestal
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has attained such a height that the rain can beat in under the

boulder, and grass, which would not grow where there was no
moisture, can creep up to the base, the pedestal gets eaten away
at its base (probably more on one side than another according

to the prevalent winds), and the boulder topples over. So such

perched blocks may represent only a stage in the process of denu-

dation, and the approximate uniformity of height of the pedestals

may depend upon other circumstances than the time during which
they have been exposed.

The pedestals are of the same height only over limited areas ; and

that has been much helped by the fact that, in each case, they

almost exactly represent the thickness of beds which have readily

peeled off. The true pedestal, due directly to the protection of

the boulder, is often determined by a bed only a few inches in

thickness, while there is generally another similar bedding-plane

along which the more rapid denudation accompanying the encroaching

grass and other plants has acted and which, arrested at the boulder,

gives the impression that the true pedestals are higher and more
regular than they really are.

Next, with regard to the mode of transport of the boulders, it

must be remembered that they have all obviously travelled in the

direction of the furrows on the rock on which they rest, from rock

in place close by to the north of them. They are perched in such

positions and at such levels as would be difficult to explain on the

supposition that they were brought there by floating ice drifting

in the direction of the furrows and grounding ; and it would be

impossible to imagine that, during the period of emergence, the

glaciated surface of the rock could have escaped the wasting action

of the waves, while marine currents of no great force would cer-

tainly have trundled such boulders along the smooth rock-face and

swept them into the valley below.

Nor can the blocks be the heavy remainder of a mass of Boulder-

clay, the finer part of which has been removed by denudation ; for

the blocks, unlike the varied constituents of the nearest drift, are all

fragments of one and the same rock, though the ice must have

travelled over a great variety of well-marked formations, all of

which are represented in the Boulder-clay. «

Here and there, on Farleton for instance, there are a few stray

stones of much smaller size than the average pedestal hlocJcs and
derived from a different source. These may represent some of the

regular Boulder-clay not quite scraped off by the last advance of the

ice.

Had the drift been removed by the action of water, whether of

streams or the sea, so that there was no clay left under and around

the large boulders, the rock under them must have been water-worn
;

while if there was Boulder-clay round and under them, some would
probably be preserved there now. Besides this, had the clay once

extended around the boulders, it would have collected the rain-water

into rivulets, which would have get under the boulders and destroyed

the surface of the limestone.

2o2
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Again, these pedestal blocks are not glaciated like those of similar
material in the drift. We must of course allow, especially in the
case of the limestone boulders, for the weathering of the blocks
exposed like the rest of the surrounding rock to the action of the
rain and vegetation, and might expect some amount of smoothing
along the surface of a boulder pushed forward even a short distance
by the ice-foot. But any such smoothed surfaces are rare.

Moreover, we find that the margin of the limestone plateau or
terrace is perforated by numerous swallow-holes along the edge of
the impervious shale and clay on which the rain-water collects into
streams, which lose themselves on reaching the bare jointed lime-
stone. Often lines of such swallow-holes further out show the
former greater extension of the clay, as shown in the accompanying
section (fig. 5).

Fig. 5.

—

Diagram-section from Boulder on Limestone Pedestal to

impervious heds resting on Mountain Limestone, Norher Brow,
AustivicJc, YorlcsJiire.

B. Boulder. Y.E. Yoredale Eocts.
B.Cl. Boulder-clay. M.L. Mountain Limestone.

Sw.Hs. Swallow-holes.

Had the impervious beds once enveloped the boulders and been
gradually cut back we ought to find such swallow-holes over the

surface around and among them. But this is not the case. Now
we know that not more than about 18 inches of the general surface

of the limestone has been removed since the pedestal blocks were
placed where we now find them, while the swallow-holes run
down to as many feet; so they cannot have been subsequently

effaced.

The base of the Yoredale Eocks is generally overlapped by a great

mass of various kinds of drift, among which we find the ordinary

blue Boulder-clay full of scratched stones. I have elsewhere*
pointed out that in the case of small glaciers, where most of the

stones are carried on the surface, there are few scratched stones;

but that it is in great glaciers, where the stones have all, or nearly

all, had time to get down or through the crevasses to the bottom
of the ice, that they have been rounded in the moulins and scratched

in the ground-mass. There is hardly a scratched stone to be found

at the end of the present Khone glacier, but they become more and
more common as we follow the ancient drift down to the Jura. So,

as we might expect, we do not find these great numbers of local

unscratched boulders occurring together in the older blue Boulder-

* Proc. Geol. Polytechn, Soc. W. Eiding, 1867.
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olay, in whicli the majority of the stones are rounded and scratched.

The eating back of that drift therefore would not leave such a group

as the jSTorber boulders. And they cannot have been blocks carried

on glacier ice, as that would imply that they had fallen on to it from

higher crags a long way off, whereas in some cases we find that, on

the contrary, they came from a rock at a lower level close by.

In the three cases I have recorded, the positions in which the

boulders are found would be out of the line of the principal transport

of material.

In the case of the Cunswick-Tarn boulders there are no high hills

to the north. The stones carried on that part of the ice would have

got well down into the mass, which would have gravitated towards

the east. In the case of Farleton Knot there must have been a

time when the ice just split against the end of the hill and was
lifted by it, falling away east and west, carrying deep in the body of

the ice, below the level of Parleton Knot, the drift it had brought

from a distance.

The situations to which the Pedestal Blocks have been carried

shows that the ice must have entirely filled the great valleys of the

Kent and its tributaries and the smaller valle}'s opening out into the

Craven district, and therefore it must have covered the rock from
which the blocks were obviously derived. Now we cannot conceive

of any process by which such blocks can have been dug out under

the ice and carried forward. In every case where these Pedestal

Blocks are found, the parent rock occurs in place close by on the

north side—so near that the variation in the snowfall from one

season to another would be sufficient to account for the uncovering

of the rock from which they were derived, and the picking up and
pushing forward of the loosened masses in succeeding seasons of

greater advance of the ice to where the Pedestal Blocks now
occur.

Since, then, it is almost impossible that the blocks could have

been left by icebergs or be the remains of a Boulder-clay all the

rest of which has been washed away by the rain, and since the

rare occurrence and limited distribution of such groups of Pedestal

Blocks seem to require in explanation some exceptional conditions

—

not synchronous but similar local conditions in each case-—the

following possible explanation, arising out of the observations

recorded in the foregoing pages, seems, though not altogether

satisfactory, to be the least open to objection with the existing

data.

The great ice-sheet had dwindled away and was still rapidly

receding. It pushed along tongues of ice down the principal valleys

running south from the Lake-district, from the Pennine Range, and

from the Yorkshire Moorlands. Then, as now, or then more than

now, there were periods of greater cold and precipitation and periods

of milder weather, and in consequence the glaciers sometimes

advanced, sometimes fell back, on the whole losing ground. When
the glacier had receded a little, then, as now, the Silurian grit of

Crummack Dale or the thick- and thin-bedded limestone of Farleton
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Knot was split up along joints by the weather, and the ground covered

with a ruinous heap of broken rock, still in place or only just dis-

lodged, as may now be seen where the water gets into the joints

along the outcrop of the Silurian grit a little south of Crummack
farmhouse.

A succession of heavy snowfalls, on the other hand, caused a

larger body of ice to rise against the western slopes of Kendal Eell,

to impinge on the northern end of Farleton Knot, to crowd into

Crummack Dale, and carry up and over the brow of the hill the

blocks loosened during the previous years when the glacier had
receded and left the surface bare.

On Norber Brow this pushing-up hill of the boulders is more
marked ; for here the blocking of the mouth of the valley by the great

ridge of grit that runs across it by Whitestone Wood forced the ice

up to higher levels during the temporary advance of the glacier. It

had probably receded as far as the precipice at the head of Crum-
mack Dale, and the grit had been broken up by the frost and thaw
of many a season when the ice crept forward again.

To sum up, then, it will appear that the simplest explanation of

the phenomena described is that the Pedestal Blocks of Cunswick
Tarn, of Farleton Knot, and of Norber Brow represent the last push
of the great glacier over some of the obstructions that lay in its

southward course. The glacier in its last advance picked up the

boulders due to the breaking up of massive beds exposed to the

action of frost and sun when the glacier had receded a little, and
pushed them forward a short distance. This was a process which
had probably been going on always at the end of the glacier, but it

was only here and there that local conditions allowed the record to

remain.

No runlets could collect on bare jointed limestone, and therefore

there was no denudation except that due to the chemical and
mechanical action of the rain and other condensed atmospheric

moisture helped by vegetation. Where this was arrested by the

protecting boulder the limestone was preserved, while the sur-

rounding part perished, and thus the boulders stand on pedestals of

which they were themselves the cause.

Discussion.

The Peesident remarked upon the clear and terse way in which

the Author had placed his facts and arguments before the meeting.

At the same time he remarked that the case was open to be

regarded from two points of view.

Prof. Peestwich said that a few years since he had been shown
some of these pedestal-perched blocks by Mr. Tiddeman, and that

he had come to a different conclusion from the Author upon the

question of their affording a test of age, as there seemed to be con-

siderable uniformity in their average height. He instanced the

case of surfaces exposed in old Roman quarries. He concluded
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that there is no foundation for the assumption of extreme dates. He
agreed with the Author that these blocks were the results of the

last pushing of the ice, having been dropped during the last glacial

phase.

The Atjthoe in reply said the reason why he objected to any
numerical estimate of the time which had elapsed since the boulders

were left on the glaciated surface was that we knew the rate of

weathering in the limestone was most unequal. He gave cases

from Devonshire and the Lake-district of extensive weathering in a

few years. He had called attention to the great acceleration of

decomposition where the vegetation encroached on the limestone,

and he maintained that we had no constant measure to apply.
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44. On a neiu Emydine Chelonian from the Pliocene of India.

By U. Ltdekkee, Esq., B.A., E.G.S., &e. (B.ead June 23,

1886.)
[Plate XV.]

Among a small collection of fossils from the Pliocene Siwaliks of

Perim (Piram) Island, Gulf of Cambay, kindly forwarded to me by
Col. J. W. Watson, the Political Agent at Kattiawar, there is the

shell of an emydine chelonian which indicates a species distinct from
any of those which I have recently described from the Siwaliks*.

The specimen (Plate XY.) consists of the nearly complete shell, and
on the dorsal surface exhibits both the impressions of the epidermal

horny plates and the sutures separating the subjacent scutes. The plas-

tron, although considerably damaged, is seen to have no joint through-

out its length, and is anchylosed to the carapace ; there are two pygal

plates, and the vertebral scutes are relatively long and narrow. These
features indicate that the specimen belongs to the group of the Emy-
didse containing the genera Geoemyda, Clemmysf, Pangshura, and
BatagurX. That it does not belong to Pangshura is at once evident

;

aud its general characters lead to the conclusion that it should be
referred either to Clemmys or Batagur, In the case of medium-sized
fossil species it is frequently a matter of extreme difficulty to say to

which of these two allied genera they should be referred ; but as the

fossil apparently comes nearest to certain species of Clemmys, and is

not of the large dimensions characteristic of many species of Batagur

y

I think it may be referred to the former genus.

The rim of the anterior marginal scutes has been broken off, and
there is some imperfection on the left side of the carapace. The
carapace is well vaulted and of great relative width, the length being

8, the width 7, and the height 4'4 inches ; the condition of the

sutures indicates that the specimen is adult.

It cannot be determined whether the anterior margin of the cara-

pace was notched or not, but the posterior margin is entire. The
nuchal plate was evidently narrow, and broadest posteriorly. The
first vertebral plate is narrowest anteriorly and has a tendency to

a bell-shape, its length being very nearly equal to its width. The
second and third vertebrals are subhexagonal and relatively broad.

The fourth is not larger than the third, and is narrowest posteriorly

;

it gives off a small process in the middle of the anterior border which
projects into the third vertebral. The fifth vertebral is of normal
form. There is an interrupted vertebral keel, which forms well-

marked prominences on the fourth and fifth vertebral scutes, but no
trace of costal keels. There are well-marked costal areolae, which
are nearer to the marginal than to the vertebral plates. It will be

* See 'Paleeontologia Indica,' ser. 10, vol. iii. pt. 6 (1885).

t Eor the sense in which this genus is employed see ' Palseontologia Indica,'

torn. cit. p. 170.

X The small forms separated by Gray as Morenia are referred by some writers

to this genus, and by others to Clemmys.
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unnecessar)^ to describe the form of the vertebral scutes, as they are

not generally visible in specimens of the shells of existing species.

On the plastron the only important point that can be detected, is

that the inner border of the postgular plate (fig. 2, pg) is very short

antero-posteriorly, and was probably exceeded in length by the

intergular sutnre.

As I have already mentioned, the fossil is certainly distinct from

all the Siwalik chelonians vrhich have yet been described, and I have

been unable to identify it with any existing Asiatic species. It

apparently comes nearest to C. sinensis'^, but differs by the much
narrower nuchal plate, and by the first vertebral being narrowest

anteriorly, as well as by the greater breadth of the whole shell and
the less gibbous profile of the hinder half of the carapace ; both forms

agree in the nature of the costal areolae and the shortness of the

inner border of the postgulars t.

There are indistinct lateral keels in the existing species, but it is

quite possible that these would be invisible in a fossil condition.

C. pygoloi^lia, Peters J, from the Miocene of Styria is apparently an
allied form, which is, however, markedly distinct from the fossil

under consideration.

Since, then, no other existing species appears to come as close as

C. sinensis to the Perim fossil, while it is improbable that the latter

should be identical with a non-Asiatic form, I think it may be

regarded as a new species, for which I propose the name of Clemmys
Watsoni, in honour of the donor of the type specimen.

The species may be defined from the characters of the shell as

follows :
—" Shell moderately vaulted, globose, broad

;
posterior

margin entire ; nuchal plate narrow, and broadest posteriorly ; first

vertebral 'narrowest anteriorly, and showing a tendency to a bell-

shape ; second and third vertebrals hexagonal, fourth short, narrowest

posteriorly, and giving off a process jutting into the posterior border

of the third ; an interrupted vertebral, but no costal keel ; costal

areolae well-marked ; suture separating the postgulars much shorter

than the intergular suture."

I may add that Col. Watson has presented the specimen to the

British Museum.

EXPLANATION OF PLATE XV.

€lemmys Watsoni, Lyd.—The carapace (fig. 1) and anterior part of the plastron

(fig. 2) ; from the Siwaliks of Perim Island, Gulf of Cambay, India. ^ nat.

size, pg, postgular plate. British Museum.

* Compare Gray ' Cat. Sbield-Eeptiles Brit. Mus.' pt. i. pi. vii.

t Morenia Berdmorei makes some approaf^li to the fossil in several characters,

but is at once distinguished by the greater length of the inner border of the

postgulars.

X Denkschr. k. Ak. Wiss. Wien, vol. xxix. pi. ii. (1869).
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45. On the Decapod Cettstaceans of the Oxfoed Clay. By James

Caetee, Esq., E.G.S., F.E.C.S., &c. (Eead June 23, 1886.)

[Plate XYI.]

The communication which T have fche honour to offer to the Society

relates to the Decapod Crustaceans of the Oxford Clay. It would
appear that the investigation of this class of fossils, as represented

in the British Middle Jurassic rocks, has been very incompletely

carried out. The number of species which have been recorded as

occurring in this country is very small, and scarcely any of those

which are known to occur have been figured or described in suffi-

cient detail for specific determination. Moreover, the bibliography of

the subject is extremely limited. As regards the Oxford Clay in

particular, the only species mentioned in the ' Catalogue of British

Possils,' published by the late Professor Morris in 1854, as

belonging to that formation is Mecochirus Pearcei, and the same
species is the sole representative contained in the very valuable

special ' Catalogue of British Fossil Crustacea,' published in 1877 by
Dr. Woodward, to whose persistent researches and numerous
publications so large a portion of all that is known on the subject is

justly attributable. Since the publication of his Catalogue,

Dr. Woodward has described and figured two new species, Mecochirus

Peytoniand Callianassa isochela, hoth. from the Ximmeridge Clay ; but

I am not aware that either of these forms has hitherto been found

in the Oxford Clay. In the recent most valuable edition of Phillips's

* Geology,' Mr. Etheridge states that Glyphea lej)fomana, G. Strich-

lancli, and Mecochirus Pearcei constitute the Macrurous Crustacean

fauna of the Oxford Clay ; and this statement is repeated and
confirmed in the works of most authors, with scarcely any additional

facts or information. Moreover, I have found most of the collec-

tions which I have had the opportunity of consulting to be com-
pletely barren of examples.

Erom this paucity of evidence, and this general absence of

specimens from collections, it may be inferred that the remains of

Oxfordian Crustaceans are generally of rare occurrence. The
discovery, however, of a considerable number and variety of forms in

one locality of limited area proves that decapod crustaceans actually

did exist, and were somewhat abundantly represented during the

Oxford Clay period, and at the same time suggests the probability that

the absence of specimens in other localities has resulted from non-

preservation. The locality to which I refer is St. Ives, Huntingdon-

shire. Mr. Thomas George, E.G.S., who is at present engaged in

most useful work in the Museum of Northampton, has carefully

investigated the geology and assiduously collected the fossils of the

Oxford Clay as it occurs in that district, where it is quarried for the

purpose of brickmaking. He has obtained an extensive series of

specimens of Crustaceans which he has most liberally placed at my
disposal for description ; and these, together with the examples in

the National, the Woodwardian, the Oxford, and other Museums,
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which I have very courteously been allowed to consult, collec-

tively form materials for a more complete knowledge of the Ox-
fordian Crustaceans than has hitherto been possible.

I will first allude to the forms which have been obtained from

St. Ives, and afterwards briefly notice those from other localities.

The consideration of a group of fossil forms found associated in

any one particular horizon has always a special interest, both

biological, palaeontological, and geological ; and the degree of interest

depends in great measure ypon the precision with which such strati-

graphical position can be defined. Therefore, before describing the

fossils, I will point out the horizon from which they were obtained.

I am able to do this definitely by the kindness of Mr. Koberts,

E.G.S., of the Woodwardian Museum, who has recently critically

examined the district of St. Ives, and has embodied the results of his

observations in the yet unpublished essay which has secured to him
the honour of the Sedgwick Prize. Mr. Roberts states that—" The
fossil Crustacea found at St. Ives come from the large clay-pit which
lies immediately to the west of that town. The pit is opened in the

Oxford Clay, and, at the present time, shows the followiDg section :

—

Section in Clay-pit west of St. Ives.

St. Ives Eoek

Oxford Clay... -! e

I

m.
St. IvesEock 3
Oxford Clay, (a) Dark blue clay 8

{h) Calcareous nodules 9
(c) Dark blue clay 15
{d) Calcareous nodules 9 to 10 inches.

(e) Argillaceous limestone 1

{/) Blue clay, which at one time
was worked to a depth of ... 16

ig) Limestone (thin bed)
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" The clay is of a dark blue colour throughout, and its upper part

-contains a considerable quantity of small selenite crystals. The
limestone is of greyish colour and very impure, and occurs in the

form of nodular bands or regularly bedded ; the beds, however, are

not constant.

" The Oxford Clay is overlain by a bed, 3 feet thick, of brown
ferruginous limestone, locally known as the St. Ives rock, now seen

•only in a small exposure near the western boundary of the brickyard.

There has been some difference of opinion as to the geological

horizon to which this limestone belongs. Professor Seeley maintains

that it lies about 130 feet down in the Oxford Clay, whilst it is

mapped by the Geological Survey as Lower Calcareous Grit ; and
further, Messrs. Blake and Hudleston are of opinion that it belongs

to some part of the age of the Lower Calcareous Grit, or even

higher. I have elsewhere shown (Sedgwick Essay for 1886) that,

from a consideration of its fossils, and also on stratigraphical

grounds, the St. Ives Rock must be placed on the horizon of the

Lower Calcareous Grit. The following fossils, among others, occur

in the St. Ives Eock, all of which are characteristic of the Lower
Calcareous Grifc of other areas:

—

Amm.perarmatiis, Modiola hipartita^

Waldheimia hucculenta, W. Hudlestoni, CoUyrites hicordata,

"Assuming, then, that this is the true positon of the St. Ives Eock,

it necessarily follows that the clays in the St. Ives clay-pit which
come below it must belong to the uppermost zone of the Oxford
Clay ; and this view is supported by the fact that the fossils found

in the clay at St. Ives are precisely similar to those which occur in

this horizon of the Oxford Clay in other parts of England.
" Subjoined is a list of the most common fossils from the clay of the

St. Ives pit :

—

Alalia tvifida.

Nucula nuda.

Leda lacryma.
CucuUtca concinna.

Grypha^a dilatata (in abundance).

Waldheimia impressa.

Terebratula oxoniensis.

Acrosalenia, sp.

Serpula, sp."

Ammonites athleta.

cordatus.

Mariee.

Lamberti.
dentatus.

Eugenii.

Jason.

perarmatus (rare).

Belemnites Puzosianus.

Most of the Crustacean specimens are more or less mutilated, and

eorrespondingly difficult of positive specific determination. In all

cases, therefore, when in doubt whether a specimen was identifiable

as a described species, I have thought it better to consider it with

reference to its allied forms, than to regard it as a new species.

Some of the species which I have to mention are indicated by the

occurrence of their chelae only. I have had considerable hesitation

in deciding how far it was warrantable to regard the occurrence of

detached limbs as sufficient evidence of the existence of a distinct

form ; but it seems probable that in some genera the carapace was
so thin and fragile as scarcely to admit of preservation in a recog-

nizable form, and that only the more solid portions of the test, the
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chelae &c., are preserved, and constitute the only evidence available.

It therefore seems desirable, as affording a more complete knowledge

of the Crustacean fauna of the period, to record the occurrence of

these detached chelae rather than pass them over unnoticed.

The Huntingdonshire • specimens which have come under my
observation I have ventured to refer to some 15 or 16 distinct

species. So far as I have been able to ascertain, none of these have

been described in any English publication, nor has their occurrence

in Britain been previously recorded, with the exception of one

species of Eryma {E. Babeaui) mentioned by Mr. Etheridge as having

been found in the Kimmeridge Clay. I am of opinion that seven

species can be identified as forms which have been described by
foreign palaeontologists, and seven I have been induced to regard as

new to science.

The genus; Eryon is represented by 1 species.

Eryma 5 or 6 „

Glyplicea 2
Magila 2 or 3 „
Mecochirus 1

Goniochirus 1

Pseuda«tams ? 1

Pagurus ? 1

Eryon sublevis, nov. sp. (PI. XVI. fig. 1.)

Carapace about one fifth wider than long, strongly arched

transversely ; interorbital portion of frontal border widely emar-

ginate, beaded by an edge of small tubercles (antero-lateral border

broken) ; that of the postero-lateral region gradually inclining

inwards posteriorly, and fringed by a series of acute, slender,

marginal spines. Cervical sulcus narrow, crossing the central

dorsal ridge about midway between the frontal and the posterior

border
;

gastric regions rather intumescent. The surface of the

cephalic portion bears numerous, small, round tubercles, regular in

size, but irregular in disposition ; a strong lens renders visible

minute puncta between the tubercles ; similar but more scattered

tubercles occur on the outer portions of the scapular regions, but the

spaces between the central and the lateral branchial ridges are

smooth ; the metabranchial regions are strongly deflected laterally.

A strong, central, longitudinal ridge, crowded with tubercles, ex-

tends from thej)osterior border of the carapace, crosses the cervical

sulcus, but does not reach the frontal border ; and on each side

of it, about one fifth nearer to it than to the postero-lateral

border, is a similar, nearly straight, lateral, scapular ridge. These

lateral carinae interrupt the cervical sulcus, but are not distinctly

traceable in front of it (posterior border of carapace imperfect).

First pair of chelae of moderate size : basal portion of propodite (hand)

about half the length of the carapace, smooth ; fingers slender,

equal ; carpodite half as long as the hand.

Compass-measurement. Carapace 2-| inches wide and 2 inches
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long ; distance between inner angles of orbits | of an inch ; length

of hand J of an inch ; width one third of the length.

Oxford Claj', St. Ives.

OoU. Woodwardian Musenm ; collected by Mr. Keeping.

I have not been able to identify this fine species with any described

form. It resembles JEJ. harrovensis, M^Coy, from which, however,
it is distinguished by the highly vaulted form of the carapace, by
the greater comparative width of the interorbital portion of the

frontal border, by having shorter lateral scapular ridges, and by the

absence of surface tubercles in the spaces between these and the

central dorsal ridge, also by having the dorsal surface of the

propodite of the first pair of chelse smooth instead of granulated.

The smoothness of the mid-scapular region and the existence of a

sharply defined cervical sulcus will distinguish this species from
E. arctiformis, Schloth. It is allied to E. calvadosii^ Moriere, and
also to E. Edwardsii, Mor., from the Upper Lias (Calvados),

figured and described by M. Moriere (Bull, de la Soc. Linn, de

Normandie, ser. 3, t. vii. et viii.). It is distinguishable from both

those species by the smoothness of the mid-branchial region, and,

so far as can be determined by the single imperfect specimen from
St. Ives, by the form of the carapace ; the postero-lateralborders are

straighter and slightly sigmoidal, and bear longer and fewer marginal

spines.

In the only specimen I have seen, the carapace is so imbedded in

the pyritous matrix that the outline of the antero-lateral border

cannot be determined. The specific name applies to the smoothness

of the mid-branchial region.

Eryma Man-delslohi, Meyer, sp. (PI. XYI. fig. 2.)

Klytia Mandelslohi, Meyer, Neue Gatt. foss. Krebse, p. 21, tab. 4.

fig. 30.

Eryma Mandelshhi, Oppel, Pal. Mitth., tab. 5. fig. 3 ; Etallon,

Notes sur les Cr. Jur. d. Bass, du Jura, pi. viii. fig. 8 d.

Cephalothorax longer than high, in the proportion of 7 to 4 ;

dorsal surface throughout impressed with rather large, deep

punctations, which have irregular borders, and are so closely

arranged as to produce a more or less reticulate appearance ; small

round tubercles are irregularly scattered over both the cephalic and
scapular regions, some of which are placed at the posterior edge of

a punctation, but others have no such definite relation. All the

sulci are deep and wide ; the epibranchial lobe is large, well defined,

and approximately parallel-sided. Mesobranchial ' small ; meta-

branchial more closely foveated than the other lobes. Chelae of

first pair large, of equal size, robust, rather longer than the cephalo-

thorax ; dorsal surface of the hand with a few small tubercles, and
closely punctated, as also is the palmar side ; fingers as long as or

rather longer than the hand, both slightly incurved in a parallel

direction, and distinctly foveated on both sides, the fovese being

larger than those on the hand ; outer border rounded ; inner margin

with a series of small, dentary tubercles. These chelse vary con-
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siderably in size and form. Length of carapace 30 millim. ; height

of carapace 15 ; length of chelae 30 ; width of propodite 14.

Oxford Clay, St. Ives.

Specimens exist in Mr. George's and my own collections, and
in the British, Woodwardian, and Oxford Museums.

The St. Ives specimens are of larger size than those figured by
Meyer and Oppel, and the cephalothorax is relatively less elongated

in form ; it also differs in that the tubercles on the anterior moiety

are larger and more numerous.

The Oxford Clay carapace figured by Etallon (Cr. Jur. pi. viii.

fig. 8d) represents the Huntingdonshire form much more nearly

than does that of Oppel from the Kellaways Rock. The latter

author in his description (Pal. Mitth. p. 29) does not mention the

occurrence of tubercles on the surface ; but by the courtesy of Prof,

von Zittel I have had the opportunity of examining the original

figured specimen, and have ascertained that tubercles do exist,

but are of relatively smaller size than on the St. Ives specimens.

Etallon mentions this character as existing in specimens which
have come under his observation. It seems not improbable that it

may prove to be desirable to regard the Huntingdonshire form as a

distinct species, by reason of the difference in the form of the

carapace and in the character of the tuberculation. If so, I would
suggest the specific name of JS. Etalloni in honour of the distin-

guished palaeontologist, who has contributed so largely to our know-
ledge of fossil Crustaceans. Specimens occur somewhat abundantly

at St. Ives.

Ertma ventrosa, Meyer, sp.

Klytia ventrosa, Meyer, Neue Gatt. foss. Krebse, tab. 4. fig. 29.

Eryma ventrosa, Etallon, Notes sur les Cr. Jur. du Bass, du Jura.

I have seen two specimens of this species, each of them showing

a nearly complete carapace, the characters of which correspond

with those given by Meyer and Etallon, and also with those of a

plaster cast of a specimen from Mailley, Haute Saone, for which I am
indebted to the courtesy of Prof, von Zittel. They are of somewhat
smaller size, and the carapace is not quite so long in proportion to

the height—16 milhm. by 30 millim.; the Mailley form 20 millim.

by 40 millim. The tubercles also are more closely arranged in the

St. Ives specimens, about 10 in a quarter-inch on the metabranchial

region. In some portions of the carapace of one of the specimens

a crescentic depression occurs in front of each tubercle ; this is a

character which Etallon (Cr. Jur.) assigns to E. siihventrosa.

A chela of the second (or third ?) pair of limbs has the hand about

three times as long as wide, with straight, subequal fingers half

the length of the hand, each impressed by a series of rather large,

setigerous pits.

Oxford Clay, St. Ives.

Coll. Mr. George, Northampton.

Two specimens examined.

Etallon gives a full analysis of the characters of this species,

which appears to be a widely distributed form.
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Eetma Yilleesi, Mor. (PI. XYI. fig. 3.)

Eryma Vilhrsi, ]\ioriere, " Prem. Note sur les Cr. de I'Oxfordien

trouves dans le Calvados," Bull. Soc. Linn. jSTorm. ser. 3, t. vi.

pi.i.

" Chelse of first pair robust ;" fingers long, slender, subequal in

size, rendered slightly sinuous in outline by a gentle longitudinal

double curvature ; subcompressed laterally (oval in section) ; surface

with depressed, small, regular tubercles, two or more diameters

apart ; outer border of both fingers broadly rounded ; inner border

of fixed finger with a series of denticles, of which a few are raised

on a prominence near the proximal end ; a series of smaller size

occur between this prominence and a single large tooth about the

middle of the finger, beyond which the series is continued to the

distal end.

The inner margin of the dactylopodite bears a row of denticles

unequal in size and rather larger than those on the fixed finger

;

those on the second proximal fifth of the dentary border are the

largest, and are opposed to the small denticles of the fixed finger.

These chelae so precisely agree in character with those of the

specimen figured and described by M. Moriere from the Oxford

Clay of Calvados, that I do not hesitate to regard them as identical.

M. Moriere has figured a nearly perfect carapace with the first pair

of limbs in situ; he also figures (fig. 5) a portion of a long slender-

fingered chela which he is of opinion probably belonged to a

different species ; I have met with the same form amongst the

St. Ives specimens, and also with chelse almost identical with

those represented by fig. 2 in M. Moriere's plate. This distin-

guished palaeontologist apparently hesitates to separate E. ViUersi

from E. Baheaui ; both these forms occur at St. Ives, and I am
inclined to regard the difference of character as fully sufficient to

warrant specific distinction.

Length of dactylopodite nearly 3 inches ; width of the distal end

of hand about J of an inch.

Oxford Clay, St. Ives.

Coll. Mr. George, Northampton, and my own.

Specimens examined 8.

Eetma Babeatji, Etal. Notes sur les Cr. .Jur. tab. viii. fig. 1 ; Oppel,.

Pal. Mitth. tab. x. fig. 3.

Several imperfect specimens have come under my notice which

so nearly resemble those of E. Baheaui that I provisionally refer

them to.that species, although they differ in some details from the

figures and descriptions given by Etallon and by Oppel. One rather

large specimen shows the distal end of the hand and the greater

portion of both fingers, which latter are more robust, but have

the graceful, falcate form expressed in the figure quoted. The
tubercles on the distal portion of the hand and on the fixed finger

are more crowded than in E. Baheaui as represented by Etallon

and by Oppel, being scarcely more than one diameter apart, but are

tolerably regular and uniform in size ; those on the dactylopodite
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are not uniform, but gradually increase in size as they approach the

outer border, where they become more prominent, especially on the

proximal portion ; the tubercles are conical at the base, flat-topped,

with a central mamilla on the summit.

On several small specimens of the dactylopodite the tubercles are

more uniform in size and are less crowded. Etallon figures the

denticles on the proximal portions of the dentary border of the

fixed finger as being considerably longer than the rest, and Oppel

states that this character occurs on the dactylopodite; but the

St. Ives specimens do not exhibit this feature on either finger.

Width of distal end of hand 1| inch; length of dactylopodite

2| inches.

Oxford Clay, St. Ives.

Coll. Mr. George, Xorthampton.
Specimens examined 4.

Mr. Etheridge mentions (Phillips's Manual, part 2, p. 475) that

Eryma Babeaui occurs in the Kimmeridge clay.

Eeyma Georgii, nov. sp. (PI. XVI. fig. 4.)

Carapace nearly twice as long as high ; all the sulci large and so

deep as to render the several lobes ventrose ; the dorsal surface of

all the regions bears rather large, conical, but not very prominent
tubercles, which are uniform in size and regularly disposed, about

one and a half diameter apart, and four or five in a quarter of an
inch. (Frontal region imperfect.) Chelae of first pair of limbs

robust ; the length of the hand is rather greater than the width of

its distal end, and rather more than half the total length of the

carapace ; it bears regular tubercles which are rather smaller and
more crowded than those on the carapace. The fingers are subequal

in size, rather longer (?) than the hand, both slightly curved in the

same direction, nearly smooth and punctated ; outer border rounded

;

dentary margin with a series of small, depressed, dentary tubercles.

Carpopodite two fifths of the length of the hand, and with a few
tubercles ; distal end of the meropodite with a stout spine. A chela

of the second (or third ?) pair, of small size, has straight, slender

fingers, which are nearly as long as the hand, and both are impressed

by several setigerous puucta.

Length of carapace from frontal to posterior border 1|- inch ;

height of carapace nearly 1 inch.

Oxford Clay, St. Ives.

Coll. Mr. George, Northampton.

Specimens examined 3.

I have not been able to identify this form with any described

species.

The deep regional sulci and the large size of the tubercles on the

dorsal surface of the carapace distinguish it from its allies E. ventrosa,

E. ijrophiriua, E. numismalis, and E. elerjans It nearly resembles

E. Grepioini, 0pp., from which, however, it difi'ers in the conforma-

tion of the anterior portion of the carapace and the larger size of

the surface-tubercles. The chelae of this species bear no resem-

Q.J.G.S. No.168. 2p



650 MR. J. CASTER ON THE

blance to the comparatively slender long-fingered claw figured by
Etallon (Bull, de la Soc. Geol. de France, ser. 2, t. xvi. pi. vi.

figs. 2, 3, 4) as presumably that of E. ventrosa. I dedicate the

species to Mr. George, in recognition of the value of his palaeonto-

logical labours.

In the specimen figured the carapace rests upon one of the chelae.

EkYMA ? PTILCHELLA, UOV. Sp. (PI. XYI. fig. 5.)

Chelse of first pair of limbs 5 millim. in length; hand about

as long as wide, moderately convex transversely; borders com-
pressed into a blunt longitudinal keel or ridge ; dorsal surface with
small tubercles, regular in size and distribution, not quite a diameter

apart. Fingers about as long as the hand, granulated on outer

border ; fixed finger slightly recurved at apex ; both fingers carry a

series of similar denticles on the dentary border. Carpopodite about

half as long as the chela, granulated like the hand, as also is the

meropodite. Portions of several of the posterior claws remain in the

matrix ; they are slender, smooth, and have a series of granules on
their posterior border.

1 provisionally refer these delicate little chelae to a species of

Eryma. Several forms of this genus, similarly small in size, occur in

the Solenhofen beds, but E. pulchella appears to be quite a distinct

species.

Oxford clay, St Ives.

Coll. Mr. George, Northampton.
Specimen examined 1.

Gltphea hispida, nov. sp. (PI. XYI. fig. 6.)

Length of cephalothorax nearly twice and a half the greatest

height. Cephalic portion one fourth shorter than the scapular.

A slight, sharp, longitudinal, central keel, the posterior half of

which is closely subtended on each side by a series of tubercles,

extends forwards from the cervical sulcus to the rostrum ; three

other stronger, equidistant ridges, each crested by a series of acutely

pointed tubercles, occur in the space between the mid-dorsal keel

and the antero-lateral border ; the interspaces between these ridges

are smooth, but a few tubercles occur on their proximal portion,

especially on that nearest the antero-lateral border. A ridge,

bearing a string of small round tubercles, follows the contour of the

antero-lateral margin. Cervical sulcus very distinct. The surface

of all the lobes of the scapular portion is uniformly covered by
rather large tubercles scarcely a diameter apart, having apices which,

in well-preserved specimens, .are very acute and point forwards.

The combined epibranchials form a large central lobe, rather acutely

pointed posteriorly ; mesobranchial lobe clavate, distinctly defined

by a sulcus posteriorly, less so anteriorly ; a well-defined small lobe

occurs between the lower end of the mesobranchial and the hepatic

lobes, the latter being separated from the metabranchial by a very

faint sulcus. Metabranchials large. Numerous fragments of the

limbs occur, which indicate that they were of considerable length

:
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propoclite of the first pair about three fourths the length of the

carapace, and three or four tirues as long as wide, subterete, with

one side flattened ; the rounded portion has several, 6-10, rows
of pointed tubercles ; the inner border is compressed, trenchant,

and, as in some other species of Glyijliea, bears an interrupted

series of large and small teeth, the terminal one of which ex-

tends beyond the distal end and constitutes a rudimentary fixed

finger. (Dactylopodite imperfect.) A specimen exhibiting a portion

of one of the antennae indicates that they were long and multi-

articulate.

Carapace 24 millim. long ; 11 millim. high.

Rare in the Oxford Clay, St. Ives.

Coll. Specimens are in the collections of Thomas George, Esq., and

in my own ; also in the Woodwardian Museum.
This species is allied to G.piistulosa, Meyer, G. Etalloni, 0pp., and

G. Milnsteri^ Yoltz. From the two former it is distinguishable by
the difference in the carination of the cephalic portion of the cara-

pace, and in the form and proportions of the epibranchial lobe.

The characters of the cephalothorax are very similar to those of

G. Munsteri as figured by Meyer (IN'eue Gatt. Foss. Kr. tab. iii.

fig. 23), but a difference appears to exist as to the cephalic carinae,

and Meyer's figure does not indicate the ridge of tubercles along-

side the posterior portion of the central cephalic carina. The
chelae of the first pair of claws, which are fortunately preserved

in situ in a St. Ives specimen, bear no resemblance whatever to

those figured by Meyer (1. c. tab. iii. figs. 24, 25). Oppel's en-

larged figures of G. Munsteri (Pal. Mitth. tab. xvii. figs. 4, 5) differ

considerably from those of Meyer, and do not at all apply to the

Huntingdonshire specimens. Much confusion exists, especially

among continental palaeontologists, as to E. rostrata, Phillips, which
is, however, a well-marked and quite distinct species, as both Dr.

Woodward and Professor M'^Coy have determined, and does not

occur in the Oxford Clay, so far as I know.

Gltphea Regletana, Meyer, Neue Gatt. Foss. Krebse, tab. iii.

figs. 14-21 ; Etallon, Notes sur les Cr. Jur. tab. iii. figs. 11, 12;

. Oppel, Pal. Mitth. tab. xvii. figs. 2, 3.

A single specimen, consisting of a portion of the carapace, which

exhibits the postero-lateral border and the metabranchial lobe, and

also several segments of all the limbs of the left side, presents cha-

racters which so nearly agree with those of Glyphea RegUyana as

fully to warrant provisional reference. The portions preserved do

not afford any details in addition to those given in full by Meyer,

Etallon, and Oppel, except that the mcropodite of the anterior two

or three pairs of limbs bears a row of acute spines on the posterior,

and a series of smaller ones on the anterior border. The surface of

the carapace is tuberculated, but is too much worn to determine

whether it was also punctated.

M. Etallon observes that this species has a wide range, both geo-

2p2
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logical and geographical, and Prof. Oppel quotes its occurrence at

Malton, Yorkshire.

Length of carapace 1§ inch ; length of meropodite of first pair

1 inch.

Oxford Clay, St. Ives.

Coll. Mr. George, ISTorthampton.

Magila Pichxeei, 0pp. Pal. Mitth. tah. xi. fig. 5.

Chelae short; length of hand, from carpal to dactylar articulation,,

about equal to its width at the distal extremity ; surface with
minute, equal, round granules, those on the palmar side having a

tendency to assume a definite reticulate arrangement ; a few larger

tubercles border the articulation for the dactylopodite ; outer border

of hand carinated by a ridge, which bears a few teeth and is con-

tinued as a sharp edge along the fixed finger, closely subtended by
a series of puncta on the palmar surface. Pingers about as long as

the hand, smooth, flat on the palmar, convex on the dorsal side \

inner border of fixed finger gradually widening from apex to base,

longitudinally grooved ; a series of small, equal, denticles occur on
the dorsal edge of the groove, which is sharply angulated near its

distal end, giving the characteristic emarginate appearance to the

finger. Dactylopodite nearly identical in character with the fixed

finger, but rather longer, and the distal emargination is scarcely

so distinctly marked.
Dr. Oppel has figured this species, but has not described it in

detail.

Length of chela 18 millim. ; width of hand 9 millim.

Oxford Clay, St. Ives.

Coll. Mr. George, Northampton ; my own.
Specimens examined 5.

Magila levimana, nov. sp. (PL XYI. fig. 7.)

Chela of first pair—basal portion of propodite (hand) about two
thirds as wide as long ; dorsal surface slightl}^ convex, smooth,

margins broadly rounded. Fingers about as long as the hand,

smooth, slender, oppositely curved, convergent at their tips. A
slight angulation on the dentary border of the dactylopodite renders

its distal half broadly emarginate. Portions of several segm.ents of

the abdomen accompany the chela, and indicate the macrurous

form ; the epimera are rounded, deeply punctated, and margined by
a distinct ridge.

The broadly rounded borders of the hand will at once distinguish

this species from M. Pichleri, 0pp.
Length of chela 8 millim. ; width of hand 4 millim.

Oxford Clay, St. Ives.

Coll. Mr. George, ^Northampton,

Specimen examined 1.

Magila dissimilis, nov. sp. (PI. XVI. fig. 8.)

Chelae small, delicate, laterally depressed
;
propodite (imperfect
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posteriorly), anterior portion with minute, round tubercles, two or

more diameters apart, on both dorsal and palmar surfaces, most

numerous near dorsal base of fixed finger; distal portion of outer

border flattened, margined by distinct ribs, which extend along the

fixed finger nearly to its apex ; the proximal moiety of these ribs

is delicately granulated ; the border of the hand corresponding to

the dactylopodite is rounded. Fingers longer than the hand,

flattened laterally, cultriform ; surfaces smooth, with a few seti-

gerous puncta ; outer edge flattened like that of the fixed finger,

and separated from both the palmar and dorsal surfaces by a distinct

ridge ; the distal three fourths of the dentary border of the fixed

finger bear 10 or 12 small subequal denticles ; the proximal fourth

is occupied by a single larger and longer denticle ; the dentary border

of the dactylopodite is trenchant, and divided into three nearly

equal portions by two slightly prominent denticles or angulations.

I refer these elegant little chclas provisionally to the genus

Magila ; the specific name indicates the dissimilarity of the dentary

edge of the fingers.

Length of chela 16 millim. ; width of hand 5 miUim.
Oxford Clay, St. Ives.

Coll. Mr. George, jSTorthampton ; my own.
Specimens examined 2.

Mecochirus socialis, Meyer, sp.

Eumorphia socialis, Meyer, Palaeont. Bd. i. tab. x. figs. 2-10.

Mecochirus socialis, Oppel, Pal. Mitth. tab. xxii. figs. 2, 3.

Length of carapace from apex of rostrum to posterior border

about twice and a half its greatest height ; test thin and fragile

;

surface closely and rather coarsely punctated
;
puncta most numer-

ous near the ventral border of the branchial lobes, gradually disap-

pearing towards the dorsum; each in front of a minute tubercle.

A sharp, narrow, cervical sulcus, extending obliquely forwards and
downwards on each side from a point somewhat in front of the

middle of the dorsum towards the antcro-lateral angle, marks ofl" the

cex)halic portion, which occupies scarcely more than a fourth of the

total surface of the carapace; a slightly curved lateral cephalic ridge

runs from a small blunt spine on the frontal border nearly to the

cervical sulcus ; between this ridge and the antero-lateral border a

distinct cluster of tubercles occurs. Xone of the typical lobes of the

scapular region are definitely recognizable, except that a sharp

U-shaped sulcus, near the antero-inferior angle of the metabranchial,

indicates the lower extremity of the mesobranchial lobe ; in some
specimens the posterior arm of the U is prolonged obliquely back-
wards and upwards as a faint posterior mesobranchial sulcus.

Rostrum simple, rather short, rapidly widening posteriorly and
longitudinally depressed in the mid-dorsal line. Abdomen about a
third longer than the cephalothorax ; the first segment is the

shortest, and has in front a transverse ridge with a small lateral

tubercle ; a similar ridge crosses the posterior border ; the second
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is rather the largest of the segments. The epimera are somewhat
elevated in the central portion, bear several tubercles, and have

broadly rounded and flattened margins. Telson narrowing somewhat
towards the posterior border, which is very slightly rounded ; the

caudal endo- and exopodite are similar in size and form, each has

a strong longitudinal ridge ; the exopodite is not transversely

jointed, and bears a few tubercles.

The limbs from the first to the fifth pair become gradually shorter

and more slender. The meropodite of the first pair is flattened,

smooth, and has tubercles on the posterior border ; the carpopodite

is about half the length of the meropodite and carries a few
tubercles : the propodite is about three times as long as the carpo-

podite ; in form it is subterete ; two rows of tubercles run along

the border and unite at the base of the process which represents the

fixed finger ; a similar row runs from each of the condyles which
serve for articulation with the dactylopodite and extends backwards
for the distal two thirds of the joint ; the space between these

rows of tubercles is roughly rugose. Dactylopodite straight,

slender, smooth, about half as long as the propodite ; the outer edge

is flattened, and has two longitudinal rows of minute punctures

;

sides flat, with similar rows of puncta ; dentary border very finely

serrate. As throughout the genus, all the limbs are monodactylous,.

the fixed finger being represented in the two anterior pairs by a

short acute process upon which the dactylopodite can be closed.

The propodite of the second pair is smooth, and has the widening of

the distal end typical of the genus ; in length it scarcely exceeds the

carpopodite, and it supports a dactylopodite, which has rows of

minute puncta and a minutely serrate dentary margin like the first

pair.

Measurements. Length of cephalothorax from apex of rostrum

to posterior margin 15 millim. ; first pair of limbs—combined

length of the three proximal joints about 5 millim., meropodite 9,

carpopodite 5, propodite 16, dactylopodite 7. In some specimens

the propodite is relatively shorter ; this may be a sexual difl'erence.

Oxford Clay, St. Ives.

Coll. Mr. George, Northampton, Woodwardian Mus., and my
own.

Specimens examined, numerous.

This species is well figured and described by Herm. von Meyer
(Palseontographica, Bd. i. p. 144, tab. xix.), also by Quenstedt

(Wtirttemb. naturwiss. Jahresh. 1850, Tai. ii.). It occurs aubndantly

in the Oxford Clay of St. Ives, Huntingdonshire, but I am not

aware that its occurrence in any other British locality has been

previously recorded. By reason of the delicacy of the test the

specimens invariably occur in an imperfect state. Yon Meyer
states that it is found in several localities in Germany (Wurttem-
berg), frequently associated with Klytia (Eryma) MandelsloTii and a

species of Glyphea^ probably G. Munsteri.

M. socialis is readily distinguishable from the other species of

the genus by its size and relative proportions ; it is most nearly
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allied to M. hrevimanus, Miinst. (Solenhofen), but that species is

a third larger, and the figure in Oppel (Pal. Mitth. tab. xxii. f. 5)
appears to indicate three lateral cephalic ridges ; and the propodite,

in contradiction of its specific name, is relatively longer than in

M. socialis. M. Pearcei, M^Coy, is twice or three times as large,

and I fully concur with Dr. Woodward in regarding it as a

distinct species.

GONIOCHIETJS CKISTATTJS, UOV. sp. (PI. XVI. fig. 9,)

Chelae short, robust, basal portion of propodite (hand) wider than

long ; dorsal surface slightly more convex than the palmar ; border

corresponding with the fixed finger rounded, bearing tubercles, a few
of which are scattered over the adjacent portion of both the palmar and
dorsal surfaces ; the border corresponding w^ith the daetylopodite has

a tuberculated " carinal expansion " (Etallon), subtended on each side

by a narrow, longitudinal furrow ; articular cavity for daetylopodite

large, occupying more than half the distal extr^emity of the hand

;

carpal articulation large, very oblique. Pingers varying in length

from a third to half the length of the hand, both deflected towards

the palmar plane ; outer border of both fingers flattened, and bearing

a series of numerous, crowded, conical tubercles of various sizes
;

dentary border widening from apex to base, and bearing a row of

6-9 crushing-tubercles near the dorsal edge; palmar and dorsal

surfaces of both fingers flattened, smooth (or with a few palmar

tubercles), and impressed by large, oval pits for capillary tufts.

I refer these chelae to a species of Goniochirus rather than to a

form of the nearly allied genus Orhomalus, Etallon, by reason of the

large size of the articulation for the daetylopodite, the great obliquity

of the carpal articulation, as also the carinal expansion on the

border corresponding to the daetylopodite, and the equal degree

of convexity of the palmar and the dorsal surfaces of the hand,

M. Etallon describes the palmar surface in Orhomalus as bein^'

flattened and capable of close apposition to the under surface of the

carapace, as in the Cryptopods. The specific name applies to the

crowded crest of tubercles on the outer borders of the fingers

;

this character will distinguish this from the only other described

species

—

G. Baheaui, Etal., and G. Jaccardi, Etal. The onl}' por-

tions which I have been able to identify are the choice ; these occur

abundantly, but vary considerably in form and size.

Length of hand from carpal base to finger-tip from 20 to 30 millim.

;

width of hand from 15 to 25 millim.

Oxford Clay, St. Ives.

Coll. Woodwardian, Newcastle, Oxford, Mr. George, and my o\vn.

Specimens numerous.

M. Etallon classifies the genus Goniochirus among the Brachyura,

but suggests the probability that it may be proved, by the discovery

of other portions, to be an Anomurous form. If it should be definitely

determined to be a true Brachyuran, it would acquire considerable

interest as being one of the earliest representatives of that class.

In general form these chelae resemble those of two Cretaceous
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species, Glyphea Couloni, Trib., and G. Meyeri, Trib., figured and
described by M. de Tribolet (Bull, de la Soc. Geol. de France, 3^ ser.

t. iii. pi. XV. figs. 2, 4) ; but the figures of neither of these species

indicate the existence of the crest of crowded tubercles on the border

of the hand corresponding to the fixed finger.

PSEUDASTACUS, Sp. (PI. XYI. fig. 10.)

Chelae of first pair elongated ; basal portion of propodite (hand)
more than twice as long as wide, subcylindrical, surface with minute
tubercles, in front of which is a minute depression. Pingers slender,

smooth, subterete, probably shorter than the hand (imperfect).

Carpopodite short, granulated like the propodite.

In general character these chelae so closely resemble those of

Pseudastacus, as figured by Professor Oppel (Pal. Mitth. tab. x. and
xi.), that I provisionally refer them to that genus.

Length of hand 9 millim. ; width of hand 4 millim.

Coll. Mr. George,' Northampton.
Specimens examined 2.

Pagurtts, sp. (PI. XYI. fig. 11.)

Chelae of first pair ; basal portion of propodite (hand) approxi-

mately quadrate in outline, rather longer than wide, dorsal surface

slightly convex, smooth, with a few small scattered punctations ; a

slight longitudinal furrow runs from the base of the dactylopodite to

the carpal articulation, which is nearly straight transversely. Palmar
surface flattened, smooth. Fingers about as long as hand, nearly

equal in size, both deeply pitted by large setigerous puncta, which
are most numerous at the apex ; dentary borders nearly straight,

and bear a series of 6-8 equal-sized tubercles. Carpopodite

distinctly tuberculated, and having an oblique longitudinal groove

on the proximal moiety. Meropodite smooth laterally, posterior

border roughened by tubercles.

Length of chela 14 millim. ; width of hand 7 millim.

Coll. Woodwardian Museum.
Specimen examined 1.

Pseudastacus ? seeialis, uov. sp. (PL XVI. fig. 12.)

Propodite elongate, 15 millim. long and 6 millim. wide, subcom-

pressed, ovoid in section ; fixed finger about half the length of the

hand : dorsal surface of hand with several (5 or 6) longitudinal

rows of mamillated tubercles, which are surrounded by tubercles

of a much smaller size ; the palmar surface bears numerous irre-

gularly disposed tubercles of various sizes, but all smaller than those

of the dorsal rows.

Oxford Clay, Fletton, Hunts.

Coll. Alfred Js"". Leeds, Esq., and Mr. George.

I am unable to refer this pretty chela with certainty to any

known genus ; but the characters are so well marked as to render

specific mention desirable. The name applies to the disposition of

the tubercles on the dorsal surface of the hand.
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Having described the Huntingdonshire forms, I will briefly notice

the only other species which, so far as I am aware, have been

recorded as occurring in the Oxford Clay at other localities in

Britain :—
Mecochirus Pearcei, M'Coy.
Glyphea leptomana, Phil.

Stricklandi, Phil.

Mecochikijs Peakcei, M'Coy, Ann. & Mag. N. H. 1849, ser. 2, vol. iv.

p. 172. (PI. XYI. fig. 13.)

I have not been able to ascertain that this species has ever been
figured or described in specific detail, probably in consequence of

the mutilated condition in which specimens occur, by reason of the

delicacy of the test. The carapace is about 2b millim. long ; the

surface appears to be smooth, but under a strong lens numerous minute
puncta are visible. The limbs are better preserved ; the first pair,

when fully extended, would be about equal to the combined length

of the carapace and extended abdomen. In a well-preserved speci-

men in the Jermyn Street lluseum the proximal joints measure
13 millim., meropodite 14 millim. , carpopodite 13 millim., propodite

34 millim., dactylopodite 18 ? millim. The abdominal appendages

appear to have been largely developed.

Oxford Clay, Chippenham, Christian Malford, Yorkshire (Morris's

Cat.).

Qoll. The British, Jermyn Street, Woodwardian, and other

Museums.
Of this species I have seen perhaps as many as forty specimens,

all of them so crushed as to efi'ace most of the minor characters. In
general size it is fully twice as large as M. sociaUs, and about

equal to M. Bajeri., Germ., but considerably smaller than M. longi

manus, Miinst. The first pair of limbs may be distinguished from
those of either of the species mentioned by the relative length of

the meropodite : in M, Pearcei this segment is scarcely longer than
the carpopodite ; but in M. Bajeri^ as also in M. sociaUs, it is twice

as long, and in M. longimanus still longer.

The figure and description published in Mr. Lee's ' Note-book of

an Amateur Geologist ' (pp. 87, 88, pi. cciv.) as that of Mecochirus

Pearcei do not apply to that species, but to Meyeria vectensis, Bell.

Gltphea leptomana, Phil.

Glyphea Steicklandi, Phil.

Both these species, mentioned in Mr. Etheridge's edition of

Phillip's ' Manual of Geology ' as occurring in the Oxford and
Kimmeridge Clays, are omitted, and, I think, judiciously, by Dr.

Woodward from his Catalogue of British Possil Crustacea. Of the

former species I have not been able to find any figure or description.

By the kindness of Professor Prestwich I have examined the

specimen of G. StricJdandi in the Oxford Museum, figured by
PhiUips. It consists of a didactylous chela, and cannot be referred
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to the monodactylous genus OlypJiea as at present defined ; nor can

I assign it with any degree of confidence to its proper genus.

The points of special interest to which I wish to direct attention

are:—
1. That the decapod Crustaceans of the Oxford Clay are repre-

sented in this country by the occurrence of a larger number of

species than had been previously determined. The comparative rarity

of this class of fossils in the British rocks contrasts strikingly with
their remarkable abundance in a formation of a somewhat later date,

the Lithographic Slates of Solenhofen &c. The degree to which
this absence implies previous non-existence scarcely admits of deter-

mination with our present knowledge of facts.

2. That the Oxford-Clay forms belong almost exclusively to the

Macrurous type, the Anomura being very scantily represented, and
the Erachyura still more so.

This fact is of biological interest as marking a progressive develop-

ment from the lower to a higher type. The rarity of Brachyura
during the Jurassic era contrasts with their preponderance over the

Macrura during the Cretaceous period ; and they probably outnumber
the Macrura existing at the present time in the proportion of three

to one. I believe they do not occur at all in the Solenhofen beds, so

prolific of tbe Macrurous forms.

The only species described in this paper which can be referred to

the Brachyura is Goniochirus cristatus ; and M. Etallon suggests that

this, as also the allied genus Orhomalus, may probably be proved

to be Anomurous by the discovery of better-preserved specimens.

EXPLANATION OF PLATE XVI.

Fig. 1. Eryon sublevis, nov. sp. Natural size. St. Ives.

2. Erymob Mandelslohi, Meyer, sp. Nat. size. St. Ives.

2 a. — . Chela found in situ with the carapace, fig. 2.

2b, c. . Other forms of chelae.

3. Villersi, Moriere. St. Ives. Dactylopodite and portion of

fixed finger of first pair of limbs.

3a. . Propodite of another specimen.

4. Georgii, nov. sp. Nat. size. St. Ives. Carapace resting on the

right first limb, of which the dactyl, propos, carpus, and a portion

of the meros are recognizable.

4 a. .
^—

-. Chela of first pair. Nat. size.

5. fulojiella, nov. sp. St. Ives. Propodite of first pair and portions

of posterior limbs. Nat. size.

5 a. . Enlarged.

6. Glyphea hispida, nov. sp. Nat. size. St. Ives.

6 a. . Distal portion of propodite of first pair. Enlarged and
transverse section.

7. Magila levimana, nov. sp. Nat. size. St. Ives.

7 a. . Portions of first pair of limbs and of abdominal seg-

ments. Enlarged.

8. : dissimilis, nov. sp. Nat. size. St. Ives.

8 a. . Chela and transverse section of dactylopodite. En-
larged view.

9. 9 a. Goniochirus cristatus, nov. sp. St. Ives. Chehc of first pair of

limbs. Nat. size.
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Fig. 10. Pseudastacus, sp. St. Ives. First pair of chelae. Nat. size.

11. Pagums, sp. St. Ives. Portion of first pair of limbs. Nat. size.

12. Pseudastacus ? serialis, nov. sp. Fletton, Hunts. Propodite of first

pair of limbs, Nat. size. (From cabinet of A. N. Leeds, Esq.,

Eyebury, Peterboro'.)

13. Mecochirus Pearcei, M'Coy, sp. Christian Malford. One of the
specimens originally determined by Prof. M'Coy (Ann. Nat. Hist.

1849) and now in Woodwardian Musemn.
13 a. —— . Limb of the first pair. (From a specimen in the

Jermyn St. Museum.) Nat. size.
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46. The Cascade Anthracitic Coal-eield of the Rocky Mountains,

Canada. By Wm. Hamilton Merritt, Esq., F.G.S., Assoc.

E.S.M., Memb. American Inst, of Mining Engineers, &c. (Read

June 23, 1886.)

This Coal-field occurs in the most eastern valley of the Rocky
Mountains, the Bow-River valley.

The Cretaceous rocks, which underlie a large area of foot-hills and
prairie to the east, have here been caught up and crop out in the

bottom of a trough between two parallel rows of mountains, com-
posed of Palaeozoic rocks, which rise to a height of about 3000 feet

above the river on either side, or some 7000 feet above the sea.

The softer shales and sandstones of the Cretaceous rocks have been
worn away and form the valley-bottom, and are for the most part

covered with gravel from 100 to 200 feet in thickness. The height

of the valley above the sea is some 4300 feet.

Both the rocks of the mountains on either side and those of the

valley are tilted up and show a dip of between 30° and 40° to the

west of south (magnetic) and a strike of from 25° to 30° north of

west (magnetic).

Though there are minor local disturbances of the rocks, this dip

and strike may be said to be constant throughout the Coal-field.

From palaeontological evidence, the age of the Palseozoic rocks is

thought by Mr. Whiteaves, Palseontologist to the Geological Survey

of Canada, to be of Lower or Sub-Carboniferous, or possibly De-
vonian age, though probably the former.

The fossils which I collected from these rocks were chiefly

Crinoids, Zaphrentis, Sj)irifera, and long-winged Spirifera.

The rocks are massive Limestones and Dolomites.

The Cretaceous rocks consist of clay shales, black shales, argil-

laceous sandstone rock, and sandstone. Several Coal-seams have
been found about the centre of the trough.

The general section (fig. 1), though not accurately to scale, wiU
sufiice to illustrate the occurrence of this trough of Cretaceous

Coal-bearing deposits *.

The accompanying sections of the Coal-seams, drawn to scale

(fig. 2), were made by me from three exposures of the Coal, which
are at some distance from one another.

At the upper exposure "A," there are two seams a quarter of a

mile apart, 5 feet and 3 feet thick respectively.

At the centre exposure " B " seven seams are seen, varying from

* At the best exposure of the Coal-seams, where this general section was taken,

the unconformity of these Cretaceous rocks is not visible, nor can the faults,

which we know must occur, be located, owing to the rocks being, in places, much
hidden by overlying gravel. The unconformity of the Cretaceous rocks in the

trough is shown at other places at some distance from the section in question, and
to attempt to draw in the true folding of the Cretaceous rocks in this part of the

trough, or to indicate the exact position of faults I suspect, other than on the

east side of the trough, would be entire guess-work.
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5 feet to 1 foot in thickness; and at the lower exposure "C'the
two seams to be seen are 10 feet and 12 feet in thickness.

The measures, except at the exposures referred to, are covered up
with gravel, as previously mentioned.

The Coal has been altered by metamorphic influence from the

lignitic character of the coal occurring in this formation to the east

in the plains. It has been changed to an anthracite of a light and
free-burning order, which might perhaps be more properly designated

a semianthracite. Its specific gravity is 1*4.

A number of analyses have been made of the coal from the

various seams, and a fair average of these is well represented in the

composition of this coal as given by Mr. Hoffman, of the Canadian

Geological Survey, viz. :
—

Hygroscopic water "71

Yolatile combustible matter 10*79

Fixed carbon 80-93

Ash 7-57

100-00

Owing to the great pressure to which these seams have been
subjected and the distortion that has accompanied the folding of the

beds, the coal, in places, is friable and shows slickensides ; but else-

where it is of a compact laminated character ; and sometimes, though
more rarely, the laminated structure is not apparent in the compact
Coal.

When subjected to a sudden high temperature it slowly breaks

into angular fragments without actual decrepitation, and in an
ordinary fire it burns with a steady white glow without decrepita-

tion, leaving in either case a white ash.

My examination of this Cascade Anthracitic Coal-region was made
last summer. Some of these Coal-seams had been previously visited

by Dr. Dawson, of the Geological Survey of Canada, and a few
remarks are made about these in the Report of Progress for the years

1882-84. The lower exposure " C " has been since opened up.

As those Fellows of the Geological Society who accompanied the

British Association to Canada are aware, lignites occur in the

Laramie and Cretaceous formations in places from Manitoba to the

Eocky Mountains. The first seam that was opened up was in

Manitoba, on the Souris Eiver. This I tested in Winnipeg in 1879,

and found it of inferior quality. The following will represent about

the average composition of these eastern Lignites :

—

per cent.

Carbon 42
Yolatile combustible matter 34
Hygroscopic water 16
Ash , 8

100
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Fig. 2.

—

Sections through Exposures of Coal-seams^ Cascade Coal-field,

Rocky Mountains, Canada. (Scale 20 feet to 1 inch.)

Section B. Section C.

Section A.

Sandstone.

Black shales, lu ft.

~Z^:E, Clay shales, 20 ft.

Broken coal, 18 in.

-=-'^ Shales.

Broken coal, 18 in.

Shales.

Mout
1000'

Sandstone.

Black shales, 7 ft.

Coal, 1 ft.

Black shales, 6 ft.

Clay shales, 28 ft.

Shales.

Soft coal, 8 in.

Good coal, 2 ft. 4 in.

Slate, 1 ft. 2 in.

Soft coal, 1 ft. 11 in.

Shales.

Black;shales, 18 in.

Clay shales, 8 in.

Good coal, 18 in.

Soft coal, 5 in.

=1-^3^' Clay shales and
^-^^^^1 Black shales, 21 ft.

Coal, 1 ft.

Black shales, 4 ft.

Sandstone, 2 ft.

Coal, 1 ft.

Black shales,

8 ft. 6 in.

Coal, 2 ft.

Black shales, 5 ft.

Coal, 2 ft.

Black shale, 2 ft.
~^^^=i^^^"

|
Sandy shble, 8 in.

f4»f^Sw^i Black shale, 3 in.

Sandy shale, 8 in.

Black shale, 4 ft.

Foft coal, 1 ft. 1 in.

Good coal, I ft. 5 in.

Slate, 11 in.

Good coal, 1 ft. 1 1 in.

Sandstone.

Clay shales.

Blaok shales, 4 ft.

Coal, 10 ft.

Clay shales, 50 ft.

Black shales, 4 ft

Clay shales, 20 ft.

I
Coal, 5 ft. 6 in.

Shales, 1 ft.

Coal, 5 ft. 6 in.

-:^3£H Shales.
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As the mountains are approached they influence the quality of

the Coal very materially. From a number of specimens collected from

outcrops by members of the Greological Survey, Dr. George M. Dawson
and Mr. Hoffman suggest three horizons *, represented by districts

at varying distances from the mountains or in the mountains.

1. In the prairie to the east, the true Lignites occur, the

hygroscopic v^ater ranging from 6 per cent, to 21 per cent., and the

fixed carbon varying from 41 per cent, to 55 per cent. They
continue to a line about 15 miles from the mountains. Throughout
the area to the east of this 15-mile line the rocks are practically

horizontal, and for about 100 miles to the east from this line the

hygroscopic water is found to increase in a more or less regular

ratio of about 1 per cent, for each 10 miles. At the 15-mile line

the water-contents of the lignite are put at 5 per cent. Dr. Dawson
hesitates to make the influence of pressure wholly responsible for a

variation found to extend throughout horizontal beds for more than

100 miles ; and as he computes from known variation in the coals

that there is about 2 per cent, change in hygroscopic water for

every 1000 feet of strata, he thinks a varying thickness of overlying

or shore-beds on the mountain coast-line may have been washed
away.

2. Between the eastern edge of the mountain (Palaeozoic) forma-

tion, which is well defined and straight, and the above-mentioned

15-mile line to the east, the foot-hills show evidence of much
disturbance and pressure.

"Within this area the quality of the lignites approaches that of

true coal, the hygroscopic water in them ranging from 1*63 to 6*12

per cent, and the fixed carbon from 50 to 63 per cent.

3. The anthracite or semi-anthracite, occurring in the Cretaceous

and Laramie deposits which have been caught up in the Palaeozoic

rocks of the mountains, is found in long troughs lying in the

mountains.

The general section that accompanies this paper shows one of

these troughs, and in this case the accompanying coal has been

altered into an anthracite, and is, I believe, the only case yet known
in Canadian territory where the metamorphic influence has been

carried so far in the coals occurring in the above-mentioned

formations.

* Eeport of Progress of Geological Survey of Canada, 1882-84.
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47. On certain Eocene Foemations of Western Servia. By Dr. A.

B. Griefiths, P.R.S.E., P.C.S., &c. (Read June 23, 1886.)

(Communicated bj the President.)

[Abridged.]

The formation described, consisting of shales containing paraffin

wax, is met with near the river Golabara,in the west of Servia, and is

known to extend over about 30 square miles of country. It forms

cliffs rising about 200 feet above the surrounding plains ; these

show numerous very thin layers of white and grey shale, sometimes

separated by thin beds of whitish clay containing rock-salt. The
whole geology of the district closely resembles that of the paraffin

and salt districts of Galicia. The shales are very rich in paraffin,

are entirely free from bituminous impurities, and have no odour.

The paraffin in these deposits is probably of vegetable origin *, pro-

duced by natural distillation of the old Brown Coals which abound
in the vicinity.

On analysis the paraffin shale gave by distillation 2 per cent, of

a semisolid hydrocarbon, resembling ozokerite wax, which, when ex-

tracted with benzoline, gave 1*75 per cent, of wax. The analysis

gave:

—

°Cer'af7o4T*'°"^'
^^^'

I
^''^'^=

I
^'^S HyTr'ocarbon oils of

'^ -'

[
the QnB~2n+2 serics.

Water of combination 3*02

Carbonaceous matter containing

Nitrogen 2-94 (yielding 1-18 Ammonia)
Alumina (Al^Og) 30-24

Iron oxide (Ee^Og) 4-79

Magnesia (MgO) 1-16

Lime(CaO) 1-11

Potash (K,0) 2-00

Soda(JsXO) 0-38

Silica (SiO^) 52-32

Loss 0-04

100-00

The old Brown Coals of the vicinity (which contain more or less

rhombic iron pyrites, often in rather large macles) gave on

analysis :

—

* See the author's paper " On the Occurrence of Phenol in Pinits sylvestris ; a
Discovery bearing on the Flora of the Carboniferous Epoch and the Formation
of Petroleum," 'Chemical News,' vol. xHx. p. 95 ;

' Chemiker Zeituug,' vol. viii.

p. 342 ; and ' Berichte der deutschen chemischen Gesellsch.' no. 628, April

1884, p. 171.

Q.J.G.S. No. 168. 2q
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I. II.

Carbon 49-2 49*3

Hydrogen 1*1 1'2

Water of combination 30-2 30-5

Water, hygroscopic 19*5 19-0

100-0 100-0

The quantity of ash amounts to between 5 and 7 per cent. ; it

consists chiefly of alumina, magnesia, lime, iron-oxide, and silica.

The argillaceous deposits of the neighbourhood, from which the

paraffin shales were formed, are evidently of marine origin and
contain abundance of fossils belonging to the genera Ostrea, Ceri-

thium, Cyrena, Nautilus, and Voluta, besides numerous Xummulites
and abundance of marine Diatomaceae, the assemblage indicating an
Upper Eocene age. Eemains of marine Yertebrata, principally

Teleostean and Selachian fishes, also occur in the clays. Eruptive

porphyritic and trachytic rocks have been intruded abundantly into

these clays. The former gave on analysis :

—

Alumina 1840
Iron-oxide 2*69

Manganous oxide 0*82

Lime 0-36

Magnesia 0-12

Potash 1-23

Soda 0-16

Silica 75-51

The analysis of the trachytic intrusive rock gave

Alumina 20-82

Iron-oxide 5-03

Manganous oxide 0-01

Lime 1-98

Magnesia 0-51

Potash 7-03

Soda 3-10

Phosphoric acid 0-03

Silica 61-49

100-00
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Acton, section in High-Terrace gravel

at, 197.

Age, geological, of British and Ice-

landic eruptive rocks, 56.

Aldershot district, Bagshot beds of,

410.

town, section across the valley

of, 412.

Alteration in rocks of N.E. Fife, 430.

of coarsely spheruhtic rocks,

183.

Alterations of Scottish Tertiary ig-

neous rocks, 80.

Alvaston, section through, 460.

America, range of British Carbonife-

rous Ostracoda in North, 506.

Ammonites, vertical range of the, in

Swindon well-sinking, 297.

Analyses :—of spherulitic rock of Di-

goed, 187 ; of picrite, 187 ; of a
spheroid from pyromeride of Wuen-
heim, 189 ; of saline waters at Swin-
don and elsewhere, 299 ; of nodules
from the Tufaceous Chalk of Ciply,

328 ; of brown phosphatic chalk of

Ciply, 329; of rich phosphates
from Cretaceous beds near Mons,
334, 335 ; of coal and lignite from
the Cascade C )al-field, Canada,

562 ; of paraffin-shale from West-
ern Servia, 565; of intrusive por-

phyritic and trachytic rocks of

Western Servia, 566; of brown
coal of Western Servia, 566.

Andesite, altered, of N.E. of Fife,

419.

Andesite, pyroxene-, from Northfield,

Fife, 425; from Causewayhead,
Fife, 426.

Anniversary Address of the President,

Proc. 38-115. See also Bonney,
Prof. T. C.

Annual Report for 1885, Proc. 8.

Anthracitic coal of the Cascade Coal-

field, Canada, 559.

Antillia, 121.

Archaean rocks, newer, of Shropshire,

derived fragments in the, 481.

Ascot-Chertsey district, Bagshot beds

of the, 403.

Ash (Woking district), Bagshot beds of
the, 413.

Aston, rocky beds above the chalk

rock at, 244.

AstrocoBnicB, Prof. P. ]\1. Duncan on

the, of the Sutton Stone and other

deposits of the Infra-Lias of South
Wales, 101.

Astroccenia costata, 108.

gibbosa, 101.

insignis, 105.

minuta, 108.

parasitica, 105.

pedunculata, 110.

plana, 106.

superba, 108.

Australia, Dr. W. T. Blauford on the

geological age of the beds containing

plants of iMesozoic type in, 249.

Austwick, pedestal-boulders near,

530.

Axosmilia Wrightii, 124.

2q2
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Backhouse, Mr. James, on a mandible
of Machcerodus from the Forest-

bed, 309.

Bagshot beds of the London basin,

402.

of the Walton cutting, 158,

161, 163.

on Walton Common, 147.

Heath, north-west of, Bagshot
beds of the, 405.

Balcsna biscayeoisis, 319.

Balainoptera sp., 322.

Barlow-Jameson Fund, award from
the, to Dr. H. J. Johnston-Lavis,

Proc. 36.

Basalt, altered, of N.E. Fife, 419.

Basalts, porphj'ritic, 71.

, Tertiary, of Scotland and Ire-

land, Prof. J. W. Judd on the, 49.

Bather, F. A., on some recent open-

ings in the Liassic and Oolitic rocks

of Fawler, in Oxfordshire, and on
the arrangement of those rocks near
Charlbury, 143.

Bathyccenia, 138.

Beaches, old, at Teignmouth, Devon,
98.

Becher, Mr. H. M., on some cuprife-

rous shales in the province of Hon-
peh, China, 494.

Belemnite-marls and chalk, relations

between, 225.

Belemnitella plena, Messrs. Hill and
Jukes-Browne on the zone of, from
Cambridge to the Chiltern Hills,

216.

, zone of, minute structure

of the, 229.

ium, M. F. L. Cornet on the

TJpper Cretaceous series and the

phosphatic beds in the neighbour-

hood of Mons, 325.

Bell, Mr. E. G., and Mr. P. F. Ken-
dall on the Pliocene beds of St.

Erth, 201.

Beyrichiopsis, 506.

Binton, exposure of Ehsetic beds near,

272.

Birdlip, section through, 266.

Blanford, Dr. W. T., on additional

evidence of the occurrence of glacial

conditions in the Paleeozoic era, and
on the geological age of the beds

containing plants of Mesozoic type

in India and Australia, 249.

Blocks, pedestal, 527.

Bone-caves, Dr. H. Hicks on some, in

North Wales, 3.

Bonney, Prof. T. G-., on some rock-

specimens collected by Dr. Hicks in

N.W. Pembrokeshire, 357.

Bonney, Prof. T. G. (President), Ad-
dress on handing the Wollaston
Gold Medal to Mr. Warington W.
Smyth, for transmission to Prof. A.
L. O. Des Cloizeatix, Proc. 30 ; Ad-
dress on presenting the balance of

the Wollaston Donation Fund to

Mr. J. Starkie Gardner, Proc. 31 ;

Address on presenting the Murchi-
son Medal to Mr. W. Whitaker,
Proc. 32 ; Address on presenting the
balance of the Murchison Geological

Fund to Mr. Clement Eeid, Proc.

33 ; Address on presenting the Lyell

Medal to Mr. W. Pengelly, Proc.

34 ; Address on handing the balance

of the Lyell Geological Fund to Dr.
H. Woodward, for transmission to

Mr. D. Mackintosh, Proc. 36 ; Ad-
dress on handing the award from
the Barlow-Jameson Fund to Dr.
W. T. Blanford, i'or transmission

to Dr. H. J. Johnston-Lavis, Proc.

37. Anniversary Address, February
19, 1886 :—OUtuanj Notices of De-
ceased Fellows: the Earl of Sel-

kirk, Proc. 38 ; Dr. Thomas David-
son, Proc. 39; Dr. W. B. Carpen-
ter, Proc. 40; Mr. D. C. Davies,

Proc. 43 ; Mr. James Fergusson,
Proc. 43 ; Prof. John Morris, Proc.

44; M. H. Milne-Edwards, Proc.

47 ; General G. von Helmersen,
Proc. 48 ; Dr. G. di Tomaso Ponzi,

Proc. 48. Address on the work done
by the Society and on other matters

connected with the progress of

geology in this country, and on the

so-called metamorphic rocks, Proc.

49.
Boring at Swindon, 287.

Borings in Kent, 26.

Boulder-clay, Early Pennine, in the

Trent basin, 443 ; Middle Pennine,
in the Trent basin, 447 ; Chalky,
in the Trent basin, 457; Later
Pennine, in the Trent basin, 471.

Boulder-deposits in India, South
Africa, and Australia, 251-254.

Boulders, pedestal, 527.

Boxley Grange, boring at, 34.

Bracknell, Bagshot beds near, 405.

Brawdy, granitoid rocks of, 353, 361.

Brimaston, granitoid rocks of, 353.

Brodie, Eev. P. B., on two Ehsetic

sections in Warwickshire, 272.

Brown, Mr. John AUen, on theThames-
valley Surface-deposits of the

Ealing district and their associated

Palseohthic floors, 192.

Brown coals of Western Servia. 566.
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Cae G-wyu Cave, ground-plan of, 10

;

sections in, 12, 13, 14 ; flint scraper

from, n.
Cae Grvvyn and Ffynnon Beuno Caves,

view showing position ot" the, 4.

California brickfield, section through
the, 409.

Callaway, Dr. C, on some derived

fragments in the Longmynd and
newer Archaean rocks of Shropshire,

481.

Cambrian conglomerate of Chanter's

Seat, Dimetian pebbles in the,

352.

Cambridge, the Melbourn rock and
zone of Belemnitella plena from, to

the Chiltern Hills, 216.

Cambridgeshire, Middle Chalk of,

compared with the beds between the

Upper and Lower Chalk of Dover,
232.

Canada, Rocky Mountains, the Cascade
anthracitic coal-field of the, 559.

Cant Hill, devitrified basic lavas from,

393, 395, 396, 397.

Canterbury, boring at Chartham, south
of, 35.

Cape Breton Island, Nova Scotia,

Mr. E. Gilpin on the geology of,

515.

Carboniferous formations, British,

classification of the, 496, 498.

of the British Isles, Prof.

T. R. Jones and Mr. J. W. Kirkby

on the distribution of the Ostracoda

of the, 496.

limestone of Cape Breton Island,

522.

period, evidence of glacial action

during the, in India and Australia,

252.

rocks of Cape Breton Island,

520.

Carlion, augite-andesites from, 397-

399.

Carstone of Lincolnshire, Mr. A. Stra-

iian on the relations of the, 486.

Carter, Mr. James, on the Decapod
Crustaceans of the Oxford Clay,

542.

Cascade anthracitic coal-field of the

Rocky Mountains, Canada, Mr. W.
H. Merritt on the, 559.

Caucasia, Dr. H. Pohlig on fossil-

elephant remains of, 179.

Causewayhead, Fife, pyroxene-ande-

site from, 426.

Cetacea, Mr. E. T. Newton on the,

of the Norfolk Forest-bed, 316.

Chalk and Belemnite-marls, relations

between the, 225.

Chalk in borings in Kent, 38.

, Lower, minute structure of the,

228.

, Middle, of Dover, 236.

of Dover, 232.

Chalkshire, Chalk and Belemnite-
marls of, 224, 225, 226.

Chanter's Seat, conglomerate of, 352,

357, 362.

Charlbury, liassic and oolitic rocks

near, 143.

Charlton Hill, conglomerates of, 483.

Chartham, boring at, 35.

Chatham, boring at Boxley Grange,
south of, 34.

dockyard-extension borings, 28,

29.

Chattenden barracks, boring at, 33.

Chellaston Hill and Spondon Hill,

section through, 460.

Chelonian, new Emydine, from the

Pliocene of India, 540.

Cheshire and South Lancashire, posi-

tions and directions of glacial striae

in, 369, 390 ; origin of the striae in,

381.

, glaciation of, 369.

Chiltern Hills, the Melbourn rock and
zone of Belemnitella plena from
Cambridge to the, 216.

China, Mr. H. M. Becher on some
cupriferous shales in the province

of Hon-peh, 494.

Chinnor, rocky beds above the chalk

rock at, 244.

Chippenham, well at, 306,

Chorisastraa, 127, 128.

Ciply and Mesvin, section near, 327.

, section through, 326; map
showing extension of phosphatic

chalk of, 332.

Circophyllia, 121.

Cladophyllia, 116.

Clausastraja consobrina, 125.

Coal, anthracitic, of the Rocky Moun-
tains, Canada, 559.

Coal-formations, Upper and Middle,

of Cape Breton Island, 520.

Coal-measures, Lower, of Cape Breton
Island, 523.

Cole, Mr. G. A. J., on the alteration

of coarsely spherulitic rocks, 183,

Columbia, British, Mr. G, W. Lamp-
lugh on glacial shell-beds in,

276.

Conulariic in pebbles in the Salt-Range

series of India, 255, 343, 349.

Conway mountain, compressed sphe-

rulitc in rliyolite of, lo6.

Corallimi beds in Swindon well-

sinking, 288, 294.
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Cornbrash in Swindon well-sinking,

290 ; fossils of the, 293.

Cornet, M. F. L., on the Upper Cre-

taceous series and the phosphatic

beds in the neighbourhood of Mons
(Belgium), 325.

Cornwall, eruptive rocks from the

neighbourhood of St. Minver, 392.

Cretaceous series, Upper, in the neigh-

bourhood of Mons, 325.

Cricklade and Purton, saline spring

at Salt's Hole, between, 300.

Orickley, section through, 266.

Hill, Inferior OoHte of, 268.

Crocodile of the genus Tomistoma
from the Miocene of the Maltese

islands, 20.

Crushing, effects of, upon rock-masses,

86.

Crustaceans, decapod, of the Oxford
Clay, 542.

Cryptoccenia, 131.

Crystallization of igneous rocks, 49,

78.

Cuesmes, section near, 332.

Cunswick Tarn, Kendal, pedestal-

boulders of, 528. •

Cupriferous shales, Mr. H. M. Eecher
on some, in the province of Hon-
peh, China, 494.

Cwmbach, granitoid rock from, 354,

362.

Cyathocoenia, 115.

Cyathophora, 130.

Cyathophyllia, 121.

Dacite near Newport, Fife, 423.

of Tay Bridge End, Fifeshire,

427.

Dacite-glass from Tay Bridge End,
Fife, 427 ;

perlitic structure in,

429.

Davies, Mr. W., on animal remains

from Ffynnon Beuno and Cae Grwyn
caves, 17.

Davis, Mr. J. W., on some Fish-

remains from the Tertiary strata of

New Zealand, Proc. a.

Deeley, Mr. R. M., on the Pleistocene

succession in the Trent Basin, 437.

Des Cloizeaux, Prof. A. L. 0., award
of the Wollaston Gold Medal to,

Proc. 30.

Devonian of Cape Breton Island, 519.

Devonshire, Mr. C W. Ormerod on
old sea-beaches at Teignmouth,
98.

Digoed, quartzose nodules in Silurian

rhyolite of, 185.

Diraetian rocks in North-west Pem-
brokeshire, 351.

Diomedea sp., from the Red Crag,
367. ^

^

Dolerites, porphyritic, 70.

, Tertiary, of Scotland and Ire-

land, Prof. J. W. Judd on the, 49.

Donations to the Library and Mu-
seum, Proc. 123.

Dover, boring at Convict Prison, east

cliff, 35 ; boring at St. Margaret's,

near, 37.

, M}-. Wm. Hill on the beds be-

tween the Upper and Lower Chalk
of, and their comparison with the

Middle Chalk of Cambridgeshire,
232.

Duncan, Prof. P. M., on the Astro-

coenicB of the Sutton Stone and
other deposits of the Infra-Lias of

South Wales, 101.

, on the structure and classi-

ficatory position of some Madrepo-
raria from the Secondary rocks of

England and South Wales, 113.

Durham, Mr. James, on the volcanic

rocks of the north-east of Fife, 418.

Ealing district, Mr. J. A. Brown on
the Thames-valley surface deposits

of the, 192.

Elephants, fossil, of Caucasia and
Persia, 179 ; of Germany and Italy,

180.

Elysastrgea, 116.

Emydine Chelonian, new, from the
Pliocene of India, 540.

England, stratigraphical distribution

of Carboniferous Ostracoda in, 503;
of Permian Ostracoda in, 505.

Enghsh Channel, Mr. R. N. Worth
on the existence of a submarine
Triassie outlier in the, off the

Lizard, 313.

Eocene formations of Western Servia,

Dr. A. B. Griffiths on some, 565.

Epismilia, 125.

Eribus Hill, section through, 326.

Erinaceus, Mr. R. Lydekker on the

cranium of a new species of, from
the Upper Miocene of CEningen, 23.

ceningensis, 23.

Eruption, Tertiary centres of, in

Scotland &c., 54.

Eruptive rocks from the neighbour-
hood of St. Minver, Cornwall, 392.

, geological age of British

and Icelandic, 56 ; nomenclature of,

58 ; minerals composing, 63.

, Scottish Tertiary.geological

relations between the types of, 73
;

structure of, 66 ; origin of the struc-

ture of, 75.
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Erj'ma Babeaui, 548.

Georgii, 549.

Mandelslohi, 546.
? 'pidchella, 550.

ventrosa, 547.

Villersi, 548.

Eryon suhlevis, 545.

Esquimault, Vancouver Island, glacial

shell-beds at, 278; section across

landward end of dry dock, 279.

Europe, range of British Carbonife-

rous Ostracoda in, 506.

Farleton Knot, Kendal, pedestal-

boulders of, 529.

Fawler, in Oxfordshire, Mr. F. A.

Bather on some recent openings in

the Liassic and Oolitic rocks of, 143.

Felsite series, Pre-Cambrian, of Oape
Breton Island, 515.

Felsitic rocks of N.W. Pembrokeshire,
351.

Felstone of N.E. Fife, 420.

Ffynnon Beuno cave, ground-plan of,

5 ; sections in, 6, 7, 8, 9 ; flint

lance-head from, 9.

and Cae Gwyn caves, view
showing position of the, 4.

Fife, Mr. James Durham and Prof.

J. W. Judd on the volcanic rocks of

the north-east of, 418.

Finchampstead, section near, 409.

Fish-remains from the Tertiary strata

of New Zealand, Proc. 4.

Forest-bed, mandible of Machcerodus

from the, 309.

, Norfolk, Mr. E. T. Newton on
the Cetacea of the, 316.

Forest-marble in Swindon well-sink-

ing. 290 ; fossHs of the, 293.

Fossils, lists of:—from the Gault at

Chatham, 31 ; from the Oxford clay

at Chatham, 32 ; from the Pliocene

beds of St. Erth, 210; from the

zone of Bclcmnifella plena, 231

;

from the Melbourn rock, 231 ; from
the zone of RhynchoncUa Cuvieri,

237 ; from the zone of Terebaticlina

gracilis, 238 ; from the zone of
Holaster -planus, 239 ; from the

zones of Micraster breviporits and
M. cor-testudinariu7n,2AO ; of White
Oolitic Limestone (Inferior Oolite)

of Gloucestershire, 270; from
Rhaetic deposits in Warwickshire,

272, 273; from glacial beds at

Esquimault, V. I., 280 ; from gla-

cial beds in British Columbia, 285
;

from the Kimmeridge Clay at Swin-

don, 291 ; from the Oxford Clay at

Swindon, 291 ; from the Cornbrash

at Swindon, 293 ; from the Forest-

marble at Swindon, 293; in the

White Chalk of Nouvelles, 327 ; in

Tertiary and Quaternary deposits

near Ciply, 327 ; in the Tufaceous
Chalk of' Ciply, 328 ; from the

Brown Phosphatic Chalk of Ciply,

330 ; from the Chalk of Spiennes,

331 ; Ostracodous Crustacea from
British Carboniferous rocks, 500-
513 ; from the Oxford Clay of St.

Ives, 344.

Fragments, derived, in the Long-
mynd and Newer Archaean rocks of

Shropshire, 481.

Eraser valley, British Columbia,
glacial shell-beds in, 284.

Frindsbury, boring at the Whitewall
cement -works, 32; boring at Chat-
tenden barracks, 33.

Frocester Hill, Inferior OoHte of, 264.

Gabbi'os, Tertiary, of Scotland and
Ireland. Prof. J. W. Judd, on the, 49.

, porphyritic, 70.

Gamston, near Nottingham, section

of contorted iuterglacial river-gravel

at, 471.

Gardner, Mr. J. S., award of the

Wollaston Donation Fund to, Proc.

Gases, action of, upon the constitution

of rocks, 83.

Gault, in borings in Kent, 38.

Germany, fossil elephants of, 180.

Gilpin, Mr. E., on the Geology of

Cape Breton Island, Nova Scotia,

515.

Glacial conditions, Dr. W. T. Blan-

ford on the occui-rence of, in the

Palaeozoic era, 249.

shell -beds in British Columbia,

276.

striiE, map showing positions and
directions of, in South Lancashire,

Cheshire, and on the Welsh border,

370; diagram showing directions

of, in South Lancashire and Che-
shire, 372 ; diagram showing direc-

tion of, on the Welsh border, 376.

Glaciation of Soutla Lancasliire, Che-
shire, and the Welsh border, Mr. A.
Strahan on the, 369.

Glomero-porphyritic structure in igne-

ous rocks, 71.

Gloucestershire, Mr. E. Witchell on
the basement-beds of the Inferior

Oolite of, 2(H.

Glyphea hispida, 550.

Regleyana, 551.

Goniochiriis cristatus, 555.
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Granitic structure in igneous rocks,

67.

Granitoid rocks of N.W. Pembroke-
shire, 351.

Granulitic structure in igneous rocks,

68.

Gravel, high-terrace, at Acton, section

in, 197.

, interglacial river-, of the Trent
basin, 467 ; contorted, at Gamston,
near Nottingham, 471.

Great Chalky Boulder-clay of the

Trent basin, 457.

Grey Chalk, minute structure of the,

228.

Griffiths, Dr. A. B., on certain Eocene
formations of Western Servia, 565.

Hainaut, Cretaceous series of, 325,
326.

Haines' Bridge, railway section near,

167.

Haine Valley, section through the,

326.

Halleflinta of Trefgarn, 355, 359, 361

;

from Chanter's Seat, 358.

Haresfield Hill, Inferior Oolite of

264, 265 ; section through, 266.

Harrison Eiver; British Columbia,
section on west bank of, 284.

Hayscastle, granitoid rocks of, 353.

Heliocoenia, 135.

Henley, rocky beds above the Chalk
Rock at, 244.

Herat, occurrence of Damuda and
Talchir beds near, 258.

Herries, Mr. E. S., and Mr. H. W.
Monckton, on the Bagshot beds of

the London basin, 402.

Heterogyra, 129.

Hicks, Dr. H., on some bone-caves in

North Wales (Ffynnon Beuno and
Oae Gwyn), 3.

, on the Pre-Cambrian age of

certain granitoid, felsitic, and
other rocks in N.W. Pembrokeshire,

351.

Hill, Mr. William, on the beds be-

tween the Upper and LoAver Chalk
of Dover, and their comparison
with the Middle Chalk of Cam-
bridgeshire, 232.

•
, and Mr. A. J. Jukes-Browne on

the Melbourn rock and the zone of

Belemnitella plena from Cambridge
to the Chiltern Hills, 216.

Hinde, Dr. G. J., on sponge-spicules

from the deposits of St. Erth,

214.

Hipparion, remains of, in the Red
Crag, 366.

Holaster planus, zone of, 239.

Holt, saline waters at, 302.

Hon-peh, China, Mr. H. M. Becher
on some cupriferous shales in the
province of, 494.

Hudleston, Mr. W. H., on a recent

section through Walton Common
exposing the London Clay, Bagshot
beds, and Plateau-gravel, 147.

Hughes, Prof. T. M^K., on some
perched blocks and associated phe-
nomena, 527.

Hulke, Mr. J. W., on the maxilla of
Iguanodon, 435.

Hy£ena, remains of, in the Eed Crag,
364.

HycBna striata {arvernensis), from the
Eed Crag, 365.

Igneous rocks, crystallization of, 49,

78 ; structure of, 66.

, Scottish Tertiary, altera-

tions of, 80
;
geological relations be-

tween the types of, 73 ; origin of

the structure of, 75.

Iguanodon, Mr. J. W. Hulke on the
maxilla of, 435.

Implements, flint, in gravels at Acton,

197.

from the bone-caves in Wales,
9,11.

India, Dr. W. T. Blanford on the

geological age of the beds contain-

ing plants of Mesozoic type in,

249.

, new Emydine Chelonian from
the Pliocene of, 540.

Infra-Lias, Prof. P. M. Duncan on the

Astrocmiia of the, of South Wales,
101.

Interglacial river-gravel of the Trent
basin, 467 ; contorted at Gamston,
near Nottingham, 471.

Ireland, Prof. J. W. Judd on the

gabbros, dolerites, and basalts of

Tertiary age in, 49.

, stratigraphical distribution of

Carboniferous Ostracoda in, 505.

Isastrgea Conybearii, 136.

oblonga, 134.

tenuistriata, 126.

Italy, fossil elephants of, 180.

Jock's Hole, section from, to Scrog-

gieside Farm, 421.

Johnston-Lavis, Dr. H. J., award
from the Barlow-Jameson Fund to,

Froc. 36.

Jones, Prof. T. E., and Mr. J. W.
Kirkby on the distribution of the
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Ostracoda of the Carboniferous for-

mations of the British Isles, 496.

Judd, Prof. J. W., on the gabbros,

dolerites, and basalts of Tertiary

age in Scotland and Ireland, 49.

, on the volcanic rocks of the

north-east of Fife. 425.

Jukes-Brovrne, Mr. A. J., and Mr. W.
Hill on the Melbourn rock and the

zone of Belemnitella plena from
Cambridge to the Chiltern Hills,

216.

Karangli Hill, section through, 254.

Karoo beds, boulder -conglomerate at

base of, 251.

Kellaways rock in Swindon well-sink-

ing, 290, 295 ; fossils of the, 292.

Kendal, pedestal-boulders near, 528,

529.

Kendall, Mr. Percy F., and Mr. R,
G-. Bell on the Pliocene beds of St,

Erth, 201.

Kent, Mr. W. Whitaker on some
borings in, 26.

Keuper marl and sandstone, section

of contorted, at Radchif, near Not-
tingham, 479.

Kimmeridge Clay in Swindon well-

sinking, 288, 293; fossils of the,

291.

Kirkby, Mr. J. W., and Prof. T. R.
Jones on the distribution of the

Ostracoda of the Carboniferous for-

mations of the British Isles, 496.

existence of a submarine Triassic

outlier in the EngHsh Channel, off

the, 313.

London Basin, Bagshot beds of the,

402.

, deep-seated geology of the,

26
, results of deep bonngs in

the, 40.

Clay in the Walton cutting,

155, 157.

on Walton Common, 147.

Longmynd rocks of Shropshire, de-

rived fragments in the, 481.

Lower Greensand in borings in Kent,
39.

Lydekker, Mr. R., on the occurrence

of the crocodilian genus Tomi-
stoma in the Miocene of the Maltese
islands, 20.

, on the cranium of a new species

of Erinaceus from the Upper Mio-
cene of CEuingen, 23.

, on the fossil MammaUa of
Maragha in North-western Persia,

173.

, on a mandible of MachcBrodus
from the Forest-bed, 309.

, on some Vertebrata from the

Red Crag, 364.

, on a new Emydine Chelonian
from the Pliocene of India, 540.

Lyell Geological Fund, Award of the,

to Mr. D. Mackintosh, Proc. 35.

Medal, Award of the, to Mr. W.
Pengelly, Froc. 34.

Lamplugh, Mr. G. W., on glacial

shell-beds in British Columbia,

276.

Lancashire, South, glaciation of, 369.

Lance-head, flint, from Ffynnon Beuno
Cave, 9.

Later Pennine Boulder-clay of the

Trent basin, 471.

Latimaandra, 128.

liCckhampton, section from, to Uley
Bury, 266.

Hill, inferior oolite of, 264.

Liassic and oolitic rocks of Fawler
and Charlbury, 143.

Limestone series, crystalline, Pre-

cambrian, of Cape Breton Island,

517.

Lincolnshire, comparative vertical

sections of the Neocomian deposits

of, 492.

Carstone, Mr. A. Strahan on the

relations of the, 486.

Lizard, Mr. R. N. Worth on the

Machcerodus, mandible of, from the
Forest-bed, 309.

Mackintosh, Mr. D., Award of the

Lyell Geological Fund to, Proc. 35.
Madreporaria, Prof. P. M. Duncan

on the structure and classificatory

position of some, from the Secondary
rocks of England and South Wales,
113.

Magila dissimilis, 552.

levimana, 552.

Pichleri, 552.

Magma, action of, upon crj'stals in

igneous rocks, 81.

Malmesbury, artesian springs at,

305.

Maltese Islands, Mr. R. Lydekker on
the occurrence of the Crocodilian
genus Tomlstoma in the Miocene of

the, 20.

Mammalia, ]\Ir. R. Lydekker on the
fossil, of Maragha in North-western
Persia, 173.
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Map showing positions of

borings in the London basin and
South-east of England, 45.

showing the position of section

on Walton Oonimon, 149.

showing extension of Phosphatic
chalk of Ciply, 332.

of South Lancashire, Cheshire,

and the Welsh border, showing
positions and directions of glacial

strige, 370.

of the country around Newport,
Fife, 418.

of Pleistocene deposits in part

of the Trent basin, 438.

showing range of Neocomian
deposits in Lincolnshire, 492.

Maragha, in North-western Persia,

Mr. R. Lydekker on the fossil

Mammalia of, 173 ; Dr. E. Pohlig
on the Pliocene of, and its resem-
blance to that of Pikermi, 177.

Mastodon, remains of, in the Red
Crag, 365.

Mecochirus Fearcei, 557.

socialis, 553.

Melaphyre of N.E. Fife, 419.

Melbourn Rock, Messrs.Hilland Jukes-
Browne on the, from Cambridge to

the Chiltern Hills, 216 ; sections of,

216, 218-224 , minute structure of

the, 230.

Melksham, mineral springs at, 300.

Melton sand, of the Trent basin,

453.

Merritt, Mr. W. H., on the Cascade
anthracitic coal-field of the Rocky
Mountains, Canada, 560.

Mesvin, vertical section of a quarry
near, 336 ; horizontal section of

part of quarry near, 337.

and Ciply, section near, 327.

Micraster breviporus and cor-testudi-

narium, zones of, 240.

Micro-pegmatitic structure in igneous

rocks, 72.

Microsolena, 121.

Middle Pleistocene deposits of the

Trent basin, 453.

Millstone Grit of Cape Breton Island,

522.

Minerals composing Tertiary eruptive

rocks, 63.

Miocene, Mr. R. Lydekker on the

occurrence of the Crocodilian genus
Tomistoma, in the, of the Maltese

islands, 23.

, Upper, of CEningen, Mr. R.

Lydekker on the cranium of a new
species of Erinaceus from the, 32,

Monckton, Mr. H. W., and Mr. R. S.

Herries on the Bagshot Beds of the

London Basin, 402.

Mons, Belgium, M. F. L. Oornet^^on

Upper Cretaceous series and the

phosphatic beds in the neighboiu*-

hood of, 325.

, section through, 326.

Monthvaltia, 117.

caryophyllata, 132.

fohacea, 119.

pedunculata, 118.

Mountain Limestone, plan of weather-
ing of, 533.

Murchison Ceological Fund, Award
of the, to Mr. Clement Reid, Froc.

33-

Medal, Award of the, to Mr. W.
Whitaker, Proc. 32.

Neocomian deposits of Lincolnshire,

map and comparative vertical sec-

tions of the, 492.

Newer Pleistocene deposits of the

Trent basin, 466.

Newport, Fife, map of the country
around, 418.

Newton, Mr. E. T., on fossils from
a well-sinking at Swindon, 291.

on the Cetacea of the Norfolk
Forest-bed, 316.

on the palaeontology of some
deep-borings in Kent, 26.

New Zealand, Exhibition of Photo-
graphs of Greysers, hot-springs, and
sinter-terraces in, Froc. 7.——, Mr. J. W. Davis on some Fish-

remains from the Tertiary strata of,

Froo. 4.

Nomenclature of eruptive rocks, 58.

Norber Brow, pedestal-boulders of,

529 ; section at, 536.

Northfield, Fife, pyroxene-andesite

from, 425 ; viridite as an alteration-

product in the augite-andesite of,

426.

North Wales, Dr. H. Hicks on some
bone-caves in, 3.

Nottingham, section of contorted in-

terglacial river-gravel at Gamston,
near, 471.

, section of contorted Keuper
marl and sandstone, at Radcliff,

near, 479.

Nova Scotia, Mr. E. Gilpin on the

geology of Cape Breton Island,

515.

(Eningen, Mr. R. Lydekker on the

cranium of a new species of E/ri-

naceus from the Upper Miocene of,

23.
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Older Pleistocene deposits of the Trent
basin, 442.

Olive Group of the Eastern Salt

Range, Punjab, Mr. A. B. Wynne
on a fossiliferous pebble-band in the,

341.

Oolite, Inferior, basement-beds of the,

in Gloucestershire, 264.

Oohtic and Liassie rocks of Fawler
and Charlbury, 143.

Ophitic structure in igneous rocks, 68.

Oppelismilia, 123.

Ormerod, Mr. G. W., on Old Sea-

beaches at Teignniouth, Devon, 98.

Ostracoda, British Carboniferous,

range of, in North America and
Europe, 506.

, distribution of the, of the Car-
boniferous formations of the British

Isles, 496.

Outher, Triassic, submarine, in the

English Channel, off the Lizard,

313.

Owen, Sir Richard, on the premaxil-

laries and scalpriform teeth of a

large extinct Wombat (Pkasco-

lomys curvirostris, Ow.), 1.

Oxford Clay in Swindon well-sinking,

289,294; fossils of the, 291.

, Mr. James Carter on the Deca-
pod Crustaceans of the, 542.

Oxford, saline water from artesian

well at, 303.

Oxfordshire, Liassie and Oolitic rocks

of Fawler in, 143.

Pagurus sp., 556.

Painswick Hill, section through, 266.

Palseolithie floors, Mr. J. A. Brown
on the, associated with the Thames
valley surfaje-deposits in the

Ealing district, 192.

Palaozoic era, Dr. W. T. Blanford on
the occurrence of glacial conditions

in the, 249,
Paraffin shales in Western Servia,

565.

Pebble-band, fossiliferous, Mr. A. B.

Wynne on a, in the " Oli^ e Group "

of the Eastern Salt Range, Punjab,
341.

Pembrokeshire, Nortli-west, Dr. H.
Hicks on the Pre-Cambrian age of

certain granitoid, felsitic, and
other rocks in, 351.

Pengelly, Mr. W., Award of the LyeU
Medal to, Proc. 34..

Pennine Boulder-clay, Early, in the

Trent basin, 443 ; Middle, in the

Trent basin, 447 ; Later, in the

Trent Basin, 471.

Perched blocks, Prof. T. M'^K. Hughes
on some. 527.

Perlitic structure in dacite-glass from
Tay Bridge end, 429.

Permian strata of England, distribu-

tion of Ostracoda in, 505.

Persia, North-western, Mr. R. Ly-
dekker on the fossil Mammalia of

Maragha in, 173 ; D. H. Pohlig on
the Pliocene of Maragha in, 177 ; Dr.

H. Pohlig on fossil Elephant-remains
from, 179.

Petrographical province, British-Ice-

landic, 53.

Phascolomys curvirostris, 1.

Phosphate of lime, production of, near
Mons, Belgium, 325 ; origin of the,

339.

Photographs of New Zealand geysers,

hot-springs, and sinter-terraces, ex-

hibited, Proc. 7.

Phreatura, 507.

Phyllogyra, 129.

Physeter macrocepJialus, 316.

Pikermi, resemblance of the Pliocene

of Maragha, Persia, to that of,

177.

Placocoenia, 136.

Plan of Ffynnon Beuno cave, 5 ; of

Cae Gwyn cave, 10.

Planitz, calcite and chalcedony in

pitchstone of, 183.

Plateau-gravel of St. George's Hill,

169.

of the Walton cutting, 156, 163,

164, 166.

on Walton Common, 147.

Pleistocene deposits of the Trent
basin, classification of the, 442.

succession in the Trent basin,

Mr. R. M. Deeley on the, 437.

beds of St. Erth, Messrs. Kendall
and Bell on the, 201.

Plumstone, granitoid rocks of, 354.

Pohlig, Dr. H., on the Pliocene of

Maragha, Persia, and its resem-

blance to that of Pikermi in Greece,

177 ; on fossil Elephant-remains of

Caucasia and Persia, 179 ; and on
the results of a monograph of the

fossil Elephants of Germany and
Italy, 180.

Pointz Castle, granitoid rocks of,

354.

Porphyrite of N.E. of Fife, 419.

Porpliyritic crystals, origin of, 77.

Porphyritic structure in igneous rocks,

69.

Pre-Cambrian rocks of Cape Breton
Island, felsite series, 515 ; crystal-

line limestone series, 517.
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Productus - limestone of the Salt

Eange, 255.

Profile of railway-line between Wal-
ton and Weybridge stations, 148.

Province, petrographical, British-Ice-

landic, 53.

Pseudastacus serialis, 556.

sp., 556.

Piirton and Cricklade, saline spring at

Salt's Hole between, 300.

Pjromerides, 188.

Pyroxene - andesite from Northfield,

Fife, 425 ; from Oausewayhead,
Fife, 426.

Quartzose sand of the Trent basin,

444.

Radclifi", near Nottingham, section of

contorted Keuper marl and sand-

stone at, 479.

Eamsdell Clay, 162.

Eedan Hill, Bagshot beds of, 410, 41 1

;

section through, 412.

Red Crag, Mr. R. Lydekker on some
Vertebrata from the, 364.

Reid, Mr. Clement, Award of the

Murchison Geological Fund to,

Proc. 33.

Rhgetic sections. Rev. P. B. Brodie on
two, in Warwickshire, 272.

Rhinoceros, remains of, in the Red
Crag, 366.

Wiynchonella Cuvieri, zone of, 236.

Rhyolite, Silurian, of Digoed, quart-

zose nodules in, 185.

River-gravel, Interglacial, of the Trent
basin, 467 ; contorted, at Gamston,
near Nottingham, 471.

Road, mineral water at, 303.

Roch, granitoid rocks of, 354

;

halleflintas of, 359, 361.

Rocks, eruptive, geographical distri-

bution of, in the British-Icelandic

region, 53; geological age of, 56;
nomenclature of, 58 ; mineral com-
position of, 63 ; structure of, 66

;

principles of crystallization of, 78 ;

alterations of, 80 ; alteration of

coarsely spherulitic, 183.

of N.W. Pembrokeshire, Dr. H.
Hicks on some, 351 ; Prof. T. G.
Bonney on some, 357.

, volcanic, of the north-east of

Fife, 418.

Rocky Mountains, Canada, the Cas-

cade anthracitic coal-fields of the,

559.

Rodbourne Lane, near Swindon, salt in

water from well in, 299.

Ruscombe, Inferior Oolite of, 268.

Rutley, Mr. Frank, on some eruptive

rocks from the neighbourhood of

St. Minver, Cornwall, 392.

St. Anne's Hill, Bagshot-beds of, 403.

St. David's, granitoid rocks of, 351.

St. Erth, Messrs. P. F.Kendall and R.
G. Bell on the Pliocene beds of, 201

;

Dr. G. J. Hinde on sponge-spicules

from, 214.

St. George's Hill, plateau-gravel of,

169.

St. Ives, Oxford clay near, 543.

St. Margaret's, near Dover, boring at,

37.

St. Minver, Cornwall, Mr. F. Rutley
on some eruptive rocks from the

neighbourhood of, 392.

Salt Range, boulder-beds in the, 253,

256 ; Productus-liraestone of the,

255.

, Eastern, Mr. A. B. Wynne
on a fossiliferous pebble-band in

the Olive Group of the, 341.

series, table of

forming the, 346.

Salt's Hole, saline spring at, 300.

Sand, quartzose, of the Trent basin,

444; Melton, of the Trent basin,

453 ; chalky, of the Trent basin,

462.

Sands, false-bedded, section in, in

Walton-common cutting, 154.

Saxony, angular secondary aggregates

in porphyries and pitchstones of,

183, 184.

Schillerization, 82.

Scotland, Prof. J. W. Judd on the

gabbros, dolerites, and basalts of

Tertiary age in, 49.

, stratigraphical distribution of

Carboniferous Ostracoda in, 499.

Scraper, flint, from Cae Gwyn Cave,

11.

Scroggieside Farm, section from, to

Jock's Hole, 421.

Sea-beaches, old, at Teignmouth, De-
von, 98.

Secondary rocks of England and South
Wales, some Madreporaria from
the, 113.

Sections showing succession of Pleis-

tocene deposits in the Trent basin,

440 ; through Spondon Hill and
Chellaston Hill, 460 ; of contorted

interglacial river-gravel at Gamston,
near Nottingham, 471 ; of contorted

Keuper marl and sandstone, Rad-
cliff, near Nottingham, 479 ; com-
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parative, vertical, of the Neocomian
deposits of Lincolnshire, 492 ; in

Norber Brow, Yorkshire, 636 ; of

Oxford clay, west of St. Ives, 543

;

through and in cutting in Walton
Common, 148, 151, 157, 159, 168

;

of false-bedded sands in Walton-
Common cutting, 154; in St.G-eorge's

Hill, 170 ; in high-terrace gravel

at Acton, 197; at St. Erth, 202,

203 ; of the face of an exposure of

the Melbourn Rock and zone of

Belemnitella plena, 216 ; showing
usual succession of the beds of the

Melbourn Rock and zone of B.
plena, 219 ; of the beds of the Mel-
bourn Ro. k and zone of B. plena at

Chalkshire, 224 ; of chalk in the

cliff over the western entrance of

Shakespeare's Cliff tunnel, 234 ; in

cliffs east of Dover, 235 ; of rocky
beds above the Chalk Rock at Chin-
nor, Aston, and Henley, 244; through
Karangli Hill, 254 ; from Leck-
bampton to Uley Bury, 266 ; of the

lower beds of the inferior oolite in

the Stroud area of the Cotteswolds,

269 ; across the landward end of

the dry dock, Esquimault, V.I.,

279; on west bank of Harrison
river, British Columbia, 284 ; of the

Swindon well-sinking, 296 ; through
the Haine valley, 326 ; near Ciply

and Mesvin, 327; near Cuesmes,
332 ; in a quarry near Mesvin, 336,

337 ; on railway, north of Welling-
ton-College station, 407 ; at Upwick
(or Wick) Hill, and in the California

brickfield, near Finchampstead,
409; across the valley of Aidershot
Town, 412 ; along the coast of N.E.
Fife, 421.

Selsley Hill, section through, 266.

Servia, Dr. A. B. Griffiths on certain

Eocene formations of Western, 565.

Sharman, Mr. G., on thepalseontology

of some deep borings in Kent, 26.

Shell-beds, Glacial, in British Colum-
bia, 276.

Shropshire. Dr. C. Callaway on some
derived fragments in the Longmynd
and newer Archaean rocks of, 481.

Silurian, lower, of Cape Breton Island,

578.

Snitterfield, section of Rhajtic beds at,

273.

Solvents, action of, under pressure,

upon the constitution of igneous

rocks, 82.

South Lancashire and Cheshire, posi-

tions and directions of glacial striae

in, 3()9, 388 ; origin of the strije,

381.

South Wales, Prof, P. M. Duncan on
the AstrocoenicB of the Infra-Lias of,

101.

, Prof. P. M. Duncan on
the structure and classificatory po-
sition of some Madreporaria from
the Secondary rocks of England and,
113.

Spherulitic rocks, Mr. G. A. J. Cole
on the alteration of, 183.

Spondon Hill and Chellaston Hill,

section through, 460.

Sponge-spicules, from the deposits at

St. Erth, 214.

Steam, action of, upon the constitu-

tion of rocks, 83.

Strahan, Mr. Aubrey, on the glaciation

of South Lancashire, Cheshire, and
the Welsh border, 369.

on the relations of the Lincoln-
shire Carstone, 486.

Striae, Glacial, map showing positions

and directions of, in South Lanca-
shire, Cheshire, and on the Welsh
border, 370 ; diagram showing di-

rections of, in South Lancashire and
Cheshire, 372 ; diagram showing di-

rections of, on the Welsh border, 376.
Stroud, section of lower beds of the

Inferior Oolite in the area of, 269.
Stroud e, Bagshot beds at, 404,
Structure of eruptive rocks, 66 ; gra-

nitic, 67 ; ophitic, 68
;

granulitic,

68; glomero-porphyritic, 71 ; micro-
pegmatitic, 72 ; origin of the, 75.

Stylastraea, 114.

Stylohelia, 136.

Summer Hill, exposure of Rhsetic beds
in, 272.

Superficial geology of Cape - Breton
Island, 525.

Sus, remains of, in the Red Crag, 366.
Sutton Stone, Prof. P. M. Duncan on

the Asfrocoe7ii(B of the, 101.

Swindon, Mr. H. B, Woodward on a
well-sinking made by the Great
Western Railway Company at, 287

.

well-sinking, vertical section of
the, with table of the vertical range
of the Ammonites, 296, 297.

Symphyllia, 129.

Tachylytes, porphyritic, 71.

Talchir, boulder-beds of, 251, 257.
Tapirus, remains of, in the Red Crag,

366.

Tay Bridge End, dacite of, 427.

Teignmouth, old sea-beaches at, 98.

Terebratiilina gracilis, zone of, 238.
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Thamnastrsea Waltoni, 134.

Thecoseris, 129.

Tbecosmilia, 115, 133..

Thorn Hill, Bagshot beds of, 410, 411;

section through, 412.

Tomistoma champsoides, 20.

Top sand in Walton cutting, 149, 166,

Totternhoe stone, 225.

Trefgarn, granitoid rocks and conglo-

merate of, 355, 358, 362.

Trent Basin, Mr. E. M. Deeley on the

Pleistocene succession in the, 437.

Triassic outlier, svibmarine, in the

English Channel, off the Lizard,

313.

rocks, origin of saline water from
the, 303, 306.

Trowbridge, brackish water at, 302.

Uley Bury, section from Leckhamp-
ton to, 266.

TJpnor, boring at Chattenden bar-

racks, north of, 33.

Upwick Hill, section at, 409.

Uriconian series, 481, 483.

Vancouver Island, glacial shell-beds

in, 276.

Vertebrate fossils from the Red Crag,

364.

Viridite as an alteration-product in

augite-andesite of Northfield, Fife,

426.

Volcanic rocks of the north-east of

Fife, 418.

Wales, South, Astrocc&nicB of the Infra-

Lias of, 101 ; Madreporaria from
the Secondary^rocks of England and,

113.

Walton Common, Mr. W. H. Hudle-

ston on a recent section through, ex-

posing the London Clay, Bagshot

beds, and plateau-gravel, 147.

, generalized section of cut-

ting through, 148 ; sections in, 151,

157, 159, 168, 170.

and Weybridge stations, profile

of railway between, 148.

Warwickshire, Eev. P. B. Brodie on
two Ehsetic sections in, 272.

Water, fresh, from wells in North
Wiltshire, 305.

Water, saline, from the Swindon well-

sinking, 298 ; from other wells and
springs, 299.

Weathering of igneous rocks, 84.

of Mountain Limestone, in con-

nexion with the production of pe-

destal-bovilders, 533.

Wellington College Station, section in

railway near, 407.

Well-sinking at Swindon, 287.

Welsh Border, glaciation of the, 369
;

positions and directions of glacial

striag on the, 374.

Weybridge and Walton stations, pro-

file of railway between, 148.

Whitaker, Mr. W., award of the

Murchison Medal to, Troc. 32.

, on some borings in Kent : a
contribution to the deep-seated

geology of the London Basin, 26.

Wick Hill, Bagshot beds of, 405 ; sec-

tion at, 409.

Wiltshire, North, fresh water from
wells in, 305.

Witchell, Mr. E., on the basement-

beds of the Inferior Oolite of Glou-
cestershire, 264.

WoUaston Donation Fund, award of

the, to Mr. J. Starkie Gardner, Vroc.

31-

Gold Medal, award of the, to

Prof. Des Cloizeaux, Froc. 30.

Wombat, Sir R. Owen on the pre-

maxillaries and scalpriform teeth of

a large, 1.

Woodward, Mr. H. B., on a well-

sinking made by the Great Western
Railway Company at Swindon, 287.

Wormit Bay, Fife, 422.

Worth, Mr. R. N., on the existence of

a submarine Triassic outlier in the

English Channel, off the Lizard,

313.

Wrekin area, spherulitic structure in

red rocks of, 184.

Wynne, Mr. A. B., on a certain fos-

siliferous pebble-band in the " Olive

Group " of the Eastern Salt Range,
Punjab, 341.

Yoimgia, 507.

Zwickau, black pitchstone of Planitz

near, 183.
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PEOCEEDINGS

OF THE

GEOLOGICAL SOCIETY OF LONDON.

SESSION 1885-86.

November 4, 1885.

Prof. T. G. Bonnet, D.Sc, LL.D., F.R.S., President, in the Chair.

Dr. A. G. Nathorst, of Stockholm, was elected a Poreign Corre-

spondent of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "On the Premaxillaries and Scalpriform Teeth of a large

Extinct Wombat (Phascolomys curvirostris, Ow.)." By Sir Richard

Owen, K.C.B., P.B.S., P.G.S.

2. " On the Structure and Classificatory Position of some Madre-
poraria from the Secondary Strata of England and South Wales."

By Prof. P. Martin Duncan, M.B., F.E.S., P.G.S.

3. " On the Astroccenicn of the Sutton Stone of the Infra-Lias of

South Wales." By Prof. P. Martin Duncan, M.B.. F.R.S., P.G.S.

The following specimens were exhibited :

—

The type specimen of Clausastrcea Pratti, M.-Edw. & H., from the

Society's collection ; and a specimen of Astrocoenia gihhosa from the

Sutton Stone, exhibited by Prof. P. Martin Duncan in illustration

of his papers.

A photograph of Dicynodon from the Triassic Sandstone of Elgin,

exhibited by Prof. J. W. Judd.

VOL. XLII.
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ISTovember 18, 1885.

Prof. T. a. BoNisTET, D.Sc, LL.D., F.R.S., President, in the Chair.

Henry M. Ami, Esq., M.A., Assistant Palaeoutologist, Geological

Survey of Canada, Ottawa, and E. Mountford Deeley, Esq., 1 Mill

Hill Eoad, Derby, were elected Eellows of the Society.

The List of Donations to the Library was read.

A specimen of Astroeoenia gibhosa was presented to the Museum
by Prof. P. Martin Duncan, E.E.S., P.G.S., illustrating his paper

read on the 4th inst.

The following communications were read :

—

1. " Results of Eecent Eesearches in some Bone-caves in North
Wales (Fynnon Beuno and Cae Gwyn)." By Henry Hicks, M.D.,

E.E.S., E.G.S.'; with Notes on the Animal Eemains, by W. Davies,

Esq., E.G.S., of the British Museum (Nat. History).

2. " On the Occurrence of the Crocodilian Genus Tomistoma in

the Miocene of the Maltese Islands." Bv E. Lydekker, Esq., B.A.,

P.G.S.

3. " Description of the Cranium of a new Species of Erinaceus
from the Upper Miocene of (Eningen." By E. Lydekker, Esq.,

B.A., F.G.S.

The following specimens were exhibited :

—

Cast of part of the skull of Tomistoma champsoides (Owen),
exhibited by E. Lydekker, Esq., in illustration of his paper.

Cast of part of the skull of Phascolomys curvirostris, Ow., exhibited

by Sir E. Owen, K.C.B., in illustration of his paper read on the

4th inst.

Series of specimens of bones &c. from the Cae Gwyn and Eynnon
Beuno Caves, exhibited by Dr. H. Hicks, in illustration of his paper.

Eecent bones of Horse which have been split and gnawed by
Hysenas in the Zoological Society's Gardens, exhibited by Prof. W.
Boyd Dawkins.

December 2, 1885.

Prof. T. G. BoNNEY, D.Sc, LL.D., E.E.S., President, in the Chair.

Charles Dawson, Esq., Hastings ; Francis J. Ede, Esq., Silchar,

Cachar, India ; Lewis Edmunds, D.Sc. Lond., B.A., LL.B., 8 Grafton
Street, Bond Street, W. ; Henry A. Gordon, Esq., Department of
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!Mines, Wellington, Xew Zealand ; George Frederick Harris, Esq.,

1 Great George Street, S.W. ; Samuel Learoyd, Esq., Sherwood
House, Huddersfield ; John Alain, Esq., 5 Dowanvale Terrace,

Partick, (xlasgow ; ^ansfeldt Henry Alills, Esq., Tapton Grove,

Chesterfield : James E,adcliffe, Esq., King Street, Dukinfield

;

Rev. Thomas E,andell, M.A., 6 Grandpont Villas, Oxford ; Andrew
Edmund Castlestuart Stuart, Esq., Ootacamund, India ; Tudor
GrufFydd Trevor, Esq., Derwyn, Welshpool ; and Arthur Smith
Woodward, Esq., 183 b King's Road, S.W., were elected Eellows of

the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "On some Borings in Kent.—A Contribution to the Deep-
seated Geology of the London Basin." By W. Whitaker, Esq., B.A.,

F.G.S., Assoc. Inst. C.E. (Communicated by permission of the

Director-General of the Geological Survey.)

2. "jS'ote on some recent Openings in the Liassic and Oolitic

Rocks of Eawler in Oxfordshire, and on the arrangement of those

rocks near Charlbury." By E. A. Bather, Esq. (Communicated by
Prof. J. Prestwich, E.R.S., E.G.S.)

The following specimens were exhibited :

—

Specimens from well-borings, exhibited by W. Whitaker, Esq., in

illustration of his paper.

Specimens from the neighbourhood of Eawler, exhibited by F. A.

Bather, Esq., in illustration of his paper.

December 16, 1885.

W. Cakruthers, Esq., Vice-President, in the Chair.

Charles John Alford, Esq., 35 Dornton Road, Balham, S.W.

;

Samuel Blows, Esq.,B.A., St. Mark's College, Chelsea, S.W. ; James
Warne Chenhall, Esq., Assoc. M. Inst. C.E., Anaconda, Montana,

U.S. ; William Farnworth, Esq., Swindon, near Dudley ; Paget

Henry Cater Fulcher, Esq., Trinity College, Cambridge ; and Harold

Temple Wills, Esq., B.A., 11 Upper Belgrave Road, Clifton, Bristol,

were elected Fellows of the Society.

The List of Donations to the Library was read.
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The following communications were read :

—

1. " Old Sea-beaches at Teignmouth, Devon." By G. Wareing
Ormerod, Esq., M.A., P.G.S.

2. " On the Gabbros, Dolerites, and Basalts of Tertiary Age in

Scotland and Ireland." By Prof. John W. Jiidd, F.B.S., Sec. G.S.

The following specimens were exhibited :

—

Photographs and specimens, exhibited by G. Wareing Ormerod,.

Esq., in illustration of his paper.

Rock-specimens and microscopic slides, exhibited by Prof. J. W.
Judd, in illustration of his paper.

January 13, 1886.

Prof. T. G. Bonnet, D.Sc, LL.D., E.E.S., President, in the Chair.

George Mven, Esq., Erkingholme, Coolhurst Eoad, Crouch End,.

N., was elected a EeUow of the Society.

The List of Donations to the Library was read.

The following name of a Eellow of the Society was read out for

the first time in conformity with the Bye-laws Sec. YI. B, Art. 6,

in consequence of the non-payment of the arrears of his contribu-

tions :—E. C. Forster, Esq.

The Peesident said,—It may not be known to all present this

evening that during the past week we have lost a well-known
member of forty years' standing. Prof. John Morris died last

Thursday, and to-day some of us have stood by his grave in Kensal

Green Cemetery. The Society has lost its most learned member,
and many of us have been deprived of a very dear friend.

The following commumcations were read :

—

1. "On some Fish-remains from the Tertiary Strata of New
Zealand." By James W. Da^'is, Esq., F.G.S.

[Abstract *.]

A number of fossil fish-remains from Tertiary beds in New Zea-

land have been forwarded to the author by Captain F. W. Hutton,

and were described in the present paper. The forms of which

descriptions were given are two new species of Lamna, Oardiarodon

angustidens^ Agassiz, and a new Carcharodon, one new species of

Notidanus, one of Myliobatis, and one referred to Sparnodus. All

* This paper has been witbdrawn by permission of the Council.
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the above were founded on teeth. A vertebra of Lamna and a fish-

spine were also described, and the collection contained a specimen

regarded by the author as a fragment of a Eeptilian tooth.

Discussion.

Prof. Seeley remarked that it was difficult to speak about such

specimens as were exhibited in illustration of this paper without a

more careful study of them. The specimens presented a very

striking resemblance to well-known European forms, and in fact it

seems doubtful whether specific names should be given to forms so

imperfectly known. As regarded the new species of Myliohatis,

even when we had the whole palate of a Ray, it was by no means
an easy matter to determine it specifically, and a single tooth was
insufficient for such a purpose. The specimens referred to the

genus Notidanus seemed to him to show important differences from

the known forms of the genus.

He thought that the most interesting of all the specimens ex-

hibited was that which the Author had rightly regarded as Eeptilian.

Unfortunately the specimen was very imperfect,—there was less

than half the crown present, and no fang. This specimen was
especially interesting as bearing a decided resemblance to Reptilian

teeth of Cretaceous age ; from its imperfect state its affinities were
certainly dubious, but its characters seemed to suggest a Mosasaurian

type. The occurrence of this tooth may therefore be an indication

of the survival of a Mesozoic type into Tertiary times.

Mr. Smith Woodwaed inquired whether the Author had referred

to Mr. Lawle5''s Italian work on Carcharodon^ which would suggest

no specific difference between the two specimens exhibited. The
Notidanus was a typical upper tooth. He also inquired how the

author's Lamna plicata differed from L. contortidens of South Caro-

lina and Europe.

The Author thanked Prof. Seeley for his remarks. In reply to

Mr. Woodward he stated that he was not acquainted with the

North-American Lamna mentioned by him.

2. " On a recent Section through Walton Common, exposing the

London Clay, Bagshot Beds, and Plateau-gravel." By W. H.
Hudleston, Esq., E.E.S., E.G.S.

The following specimens were exhibited :

—

Quartzite boulder, weight about 14 lbs., found in a Coal-seam,

Cannock and Rugeley Colliery (Geol. Mag. 1873, p. 2S9), exhibited

by the President.

Specimens of fossil Fish-teeth and spines, from jS'ew Zealand,

exhibited by J. W. Davis, Esq., F.G.S., in illustration of his paper.

Specimens of Sands, Flints, Chert, «S:c., exhibited by W. H.
Hudleston, Esq., F.E.S., F.G.S., in illustration of his paper.

To he substituted for pp, ^ Sf 6 of Proceediiigs ofpresent Volume.
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January 27, 1886.

Prof. T. G. BoifNET, D.Sc, LL.D., P.R.S., President, in the Chair.

H. Kirby Atkinson, Esq., 89 Camberwell Kew Eoad, S.E., was
elected a Pellow, and Professor Gustav Tschermak of Vienna, a

Foreign Member of the Society.

The List of Donations to the Library was read.

The following name of a Fellow of the Society was read out for

the second time in conformity with the Bye-laws Sec. YI. B, Art. 6,

in consequence of the non-payment of the arrears of his contribu-

tions :—E. C. Porster, Esq.

The following communications were read :

—

1. " On the Possil Mammalia of Maragha, in Korth-western

Persia." By E. Lydekker, Esq., B.A., P.G.S., &c.

2. "On the Pliocene of Maragha, Persia, and its resemblance to

that of Pikermi, in Greece ; on Eossil Elephant-remains of Caucasia

and Persia ; and on the results of a Monograph of the Fossil Ele-

phants of Germany and Italy." By Dr. H. Pohlig. Communicated
by Dr. G. J. Hinde, F.G.S.

3. " The Thames-valley Surface-deposits of the Ealing District,

and their associated Palaeolithic Floors." By John Allen Brown,
Esq., F.E.G.S. Communicated by A. Eamsay, Esq., F.G.S.

The following specimens were exhibited :

—

Fossil bones and Palaeolithic flints, from Ealing, Hanwell, &c.,

exhibited by J. Allen Brown, Esq., in illustration of his paper.

February 10, 1886.

Prof. T. G. Bonnet, D.Sc, LL.D., F.E.S., President, in the Chair.

"Walter Joseph Baker, Esq., 160 a Southwark Bridge Eoad, S.E.

;

Eobert Law, Esq., Holhngworth, Walsden, Todmorden ; William

Stert Milnes, Esq., Woodstock, Grove Park, Lee, S.E.: and Edward
John Silcock, Esq., 1 Eidge Mount, Cliff Eoad, Leeds, were elected

Fellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. " On a new Species of Psilotites from the Lanarkshire Coal-

field." By E. Kidston, Esq., F.G.S.*

2. "The Melbourn Eock and the Zone of Belemnitella plena,

from Cambridge to the Chiltern Hills." By W. Hill, Esq., F.G.S.,

and A. J, Jukes-Browne, Esq., F.G.S.

* This paper has been withdrawn by permission of the Council.
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3. " On the Beds between the Upper and Lower Chalk of Dover,

and their comparison with the Middle Chalk of Cambridgeshire."

By W. Hill, Esq., F.G.S.

The following specimens were exhibited :

—

Rock-specimens and microscopic rock-sections, exhibited by
Wm. Hill, Esq., in illustration of his and Mr. Jukes-Browne's papers.

Six specimens from the Streatham boring, from depths between
463 and 840 feet, exhibited by "W. Whitaker, Esq., B.A., E.G.S.

Photographs of jSTew-Zealand Geysers, hot-springs, and sinter-ter-

races, taken by Josiah Martin, Esq., E.G.S., exhibited by Prof. J. W.
Judd, F.E.S., E.G.S.

With regard to these photographs Prof. Judd spoke as follows :

—

Mr. Josiah Martin, E.G.S., has sent for exhibition a series of

photographs illustrating the geyser-eruptions and the sinter-ter-

races of New Zealand. These photographs have been obtained by
Mr. Martin during an expedition especially undertaken by him for

the purpose of studying the interesting phenomena of the volcanic

band in the North Island.

By the application of the method of instantaneous photography,

Mr. Martin has been able to show that during the eruption of some
of the geysers a curious explosive action takes place, which has not

hitherto been observed. The body of heated water, after its rise

from the geyser-tube, is seen to be violently dispersed, probably by
a sudden liberation of high-pressure steam. Several of the photo-

graphs now exhibited illustrate this remarkable phenomenon in a

very striking manner.



ANNUAL GENERAL MEETING,

February 19, 1886.

Prof. T. a BoNNEY, D.Sc, LL.D., P.E.S., President, in the Chair

Repoet oe the CouisrciL poe 1885.

In presenting their Eeport for the year 1885, it is with much
pleasure that the Council of the Geological Society find themselves

able to lay before the Society a statement of afi'airs rather more
cheering than those that they have been under the necessity of

bringing forward for some years past. Both financially and as

regards the number of Pellows, the position of the Society is

decidedly better than at the last Anniversary Meeting.

The number of Pellows elected during the year is 54, of whom
40 paid their fees before the end of the year, making, with 11
previously elected Fellows who paid their fees in 1885, a total

accession during the year of 51 Fellows. Against this we have
to set the loss by death of 27 Fellows, and by resignation of 16
Fellows, while 3 Fellows were removed from the list for non-
payment of contributions, making a total loss of 46 Fellows. There
is thus an actual increase of 5 in the number of Fellows of the

Society. Of the 27 Fellows deceased 7 were compounders, and
9 non-contributing Fellows ; the number of contributing Fellows is

increased by 15, being now 831.

The total number of Fellows, Foreign Members, and Foreign
Correspondents was 1420 at the end of the year 1884, and 1425
at the close of 1885.

In 1885 intelligence was received of the decease of 2 Foreign
Members, and one of the vacancies so caused was filled up during

the year. The list of Foreign Correspondents showed 2 vacancies

at the end of 1884, and intelligence was received in 1885 of the
decease of another Foreign Correspondent. These losses, with the

filling up of the vacancy in the list of Foreign Members, caused,

in all, 4 vacancies among the Foreign Correspondents of the Society,

3 of which were filled up within the year. Thus at the close of

the year 1885, there was one vacancy in the list of Foreign
Members, and one in that of Foreign Correspondents.
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The total Receipts on account of Income for the year 1885
were =£2663 6s. Id., being £82 Os. Id. more than the estimated

Income for the year. The total Expenditure, on the other hand,

was only £2315 7s. lid., or X264 85. Id. less than the estimated

Expenditure for the year. The excess of the Income over the

Expenditure of the year was £347 18s. 2d.

The Council have to announce the completion of Yol. XLI. and

the commencement of Vol. XLII. of the Society's Quarterly Journal.

The Council have also to announce that a Portrait by the late

H. W. Pickersgill, E.A., of the late Sir Henry T. De la Beche has

been kindly presented to the Society by the President.

The Council have awarded the Woliaston Medal to Professor A.

L. 0. Des Cloizeaux, of Paris, Member of the Institute of France,

Eor.M.G.S., in recognition of the value of his Mineralogical re-

searches, especially in connexion with the Crystallographic and
Optical Characters of Minerals, which, by supplying a secure foun-

dation to Petrology, have contributed so largely to the advance of

Geological Science.

The Murchison Medal, with the sum of Ten Guineas from the

proceeds of the Pund, has been awarded to William Whitaker,

Esq., B.A., E.G.S., in testimony of appreciation of the services which
he has rendered to Geology, especially by his original researches

among the Cretaceous and Tertiary Rocks of the South-east of

England, and by his work in connexion with the Bibliography of

the Science.

The Lyell Medal, with the sum ofTwenty Guineas from the proceeds

of the Eund, has been awarded to William Pengelly, Esq., E.R.S.,

F.G.S., in recognition of the value of his researches in connexion

with the Geology of Devonshire, and especially with regard to the

early history of Man in that region.

The balance of the proceeds of the WoUaston Donation Fund has

been awarded to John Starkie Gardner, Esq., F.G.S., as a mark of

appreciation of his investigations upon the Tertiary Fossil Floras of

this country, and to assist him in the further prosecution thereof.

The balance of the proceeds of the Murchison Geological Fund
has been awarded to Clement Reid, Esq., F.G.S., in recognition of

the value of his researches among the Pliocene and Glacial Deposits

of East Anglia, and to aid him in further inquiries of a like kind.

The balance of the proceeds of the Lyell Geological Fund has been

awarded to Daniel Mackintosh, Esq., F.G.S., in testimony of appre-

ciation of his extensive and long-continued studies of the Glacial

and other Superficial Deposits of the north-west of England, and to

assist him in further investigations.

The sum of Twenty Guineas from the Proceeds of the Barlow-
Jameson Fund has been awarded to Dr. H. J. Johnston-Lavis,

F.G.S., in recognition of the value of his researches upon the Vol-

canic and Seismic Phenomena of Southern Italy, and to aid him in

still carrying on his inquiries.
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Eeport or THE LiBEAEY a:n^d Museum Committee.

Library.

Since the last Anniversary Meeting a great number of valuable

additions have been made to the Library, both by donation and
by purchase.

As Donations the Library has received about 150 volumes of

separately published works and Survey Eeports, and about 423
Pamphlets and separate impressions of Memoirs, besides about 144
volumes and 121 detached parts of the publications of various

Societies, 16 volumes of current Periodicals, presented by their

respective Editors, and twelve volumes of N^ewspapers. A nearly

complete set. consisting of 27 volumes, of the ' Zeitschrift fiir Berg-,

Hlitten- und Salinenwesen ' was also presented to the Library.

This will constitute a total addition to the Society's Library, by
donation, of about 469 volumes and 423 pamphlets.

A considerable number of Maps,, Plans, and Charts have been

added to the Society's collections by presentation. They amount
altogether to 827 sheets, large and small, of which 697 sheets were
received from the Ordnance Survey of Great Britain. Of the re-

mainder, 15 sheets are from the French Depot de la Marine, 61 from

the Geological Survey of Great Britain, 16 from that of Saxony, 10
from that of Belgium, 6 from the Eoumanian Geological Survey, 5

each from the Geological Surveys of Sweden and JSTorway, 3 from

that of Switzerland, and 4 from the Russian Geological Committee.

From individual Donors the Society has also received 4 sheets of

Favre's map of the Alpine Glaciers, and a Geological Map of Berlin.

The books and maps above referred to have been received from

188 personal Donors, the Editors or Publishers of 15 Periodicals, and

168 Societies, Surveys, and other Public Bodies, making in aU 371
Donors.

By Purchase, on the recommendation of the Standing Library

Committee, the Library has received the addition of 31 volumes of

Books, and of 50 parts (making about 14 volumes) of various

Periodicals, besides 22 parts of certain works published serially.

The Society has also purchased 4 sheets of the Government
Geological Survey Map of France, and 10 sheets of the smaller

Geological Map of France issued by MM. Yasseur and Carez.

The cost of Books, Periodicals, and Maps purchased during the

year 1885 was ^52 18s 2d., and of Binding ^59 Is. 7d., making a

total of £111 19s. M.



ANNUAL REPOET. Il

The Collections in the Museum remain in much the same con-

dition as at the date of the last Report of the Committee.

The Donations to the Museum during the year 1885 were not

numerous ; they consist of a specimen of Fulgurite from Mont Blanc,

presented by F. Eutley, Esq., F.G.S. ; ten specimens of sand-worn
stones from Hokitika, 'New Zealand, presented by W. D. Campbell,

Esq., F.G.S. ; six slides of Cyclost^omatous Bryozoa, from Muddy
Creek, South Australia, presented by J. Bracebridge Wilson, Esq.,

of Geelong ; and a specimen of Astrocoenia gibhosa, Duncan, from the

Sutton Stone, presented by Prof. P. Martin Duncan, M.B., F.E.S.,

F.G.S., being the specimen figured in his paper in the Quarterly

Journal (vol. xlii. pi. viii.).
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Comparative Statemei^t of the Number op the Society at the

CLOSE OE the years 1884 AND 1885.

Compounders ."....

Contributing Fellows

Non-contributing Pellows .

.

Foreign Members ....

Foreign Correspondents

3.31,1884. Dec. 31, 1885.

313 312
816 831
213 204

1342 1347
40 39

38 39

1420 1425

Comparative Statement eccplayiatory of the Alterations in the Number
of Fellows, Foreign Members, and Foreign Correspondents at the

dose of the years 1884 and 1885.

Number of Compounders, Contributing and Non-
contributing Fellows, December 31, 1884 ....

Add Fellows elected during former year and paid

in 1885
Add Fellows elected and paid in 1885 40

1342

11

1393
Deduct Compounders deceased 7

Contributing Fellows deceased 11
Non-contributing Fellows deceased .... 9

Contributing Fellows resigned 16
Contributing Fellows removed 3

— 46

1347
Number of Foreign Members, and Foreign 1 ^q

Correspondents, December 31, 1884 . . . . /
Deduct Foreign Members deceased . . ..... 2

Foreign Correspondent deceased . . 1

Foreign Correspondent elected 1 ^

Foreign Member
J

74
Add Foreign Member elected 1

Foreign Correspondents elected 3
— 78

1425
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Barlow, P. W., Esq.

Bilke, E., Esq.

Campbell, J. F., Esq.

Hawes, W., Esq.

Deceased Fellows.

Compounders (7).

Leighton, W. H., Esq.

Peacock, R. A., Esq.

Selkirk, Earl of.

Resident and other Oontrihutiny Fellows (11).

Carpenter, Dr. "W. B.

Davidson, Dr. T.

Davies, D. C, Esq.

Dunning, J., Esq.

Evans, D. T., Esq.

Humbert, C. F., Esq.

Jeffreys, Dr. J. Gr.

Johnson, H., Esq.

Plows, H. T., Esq.

Batcliff, C, Esq.

Stutchbury, E., Esq.

Noinr-contributing Fellows (9).

Baker, J. L. B., Esq.

Caley, J. A., Esq.

Lindsay, C, Esq.

Still, H., Esq.

Thurtell, Rev. A.

Wyatt, J., Esq.

Bull, Eev. J.

CoUings, Rev. W. T.

Worsley, Eev. J.

Foreign Members (2).

Helmersen, Gen. G. von,
|
Milne-Edwards, Dr. H.

Foreign Correspondent (1).

Ponzi, Prof. G.

Fellows Resigned (16).

Adams, Dr. G. E. D'Arcy.

Anderson, R., Esq.

Clark, J. E., Esq.

Comerford -Casey, G. E., Esq.

Davey, E. C, Esq.

Dawes, G., Esq.

Dixon, Rev. R.

Farie, J., Esq.

Gardner, R. P., Esq.

Griffith, Rev. H.
Jackson, H. W., Esq.

Keeping, W., Esq.

Rivett-Carnac, J. H., Esq,

Rose, Dr. H. C.

T aft,Rev. J. R.
Tremlett, Rear-Adm, F. S.
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Bock, C, Esq.

Oasking, Eev. S.

Fellows Removed (3).

Low, W., Esq.

The following Personage was elected from the List of Foreign Cor-
respondents to fill a vacancy in the List of Foreign Members
during the year 1885.

Professor Jules Gosselet of Lille.

The following Personages were elected Foreign Correspondents during

the year 1885.

M. F. Fouque of Paris.

Professor G. Lindstrom of Stockholm.
Dr. A. G. Nathorst of Stockliolm.

After the Reports had been read, it was resolved :—

That they be received and entered on the Minutes of the Meeting,

and that such parts of them as the Council shall think fit be printed

and distributed among the Fellows.

It was afterwards resolved :

—

That the thanks of the Society be given to Professor T. G. Bonney,

retiring from the office of President.
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That the thanks of the Society be given to W. Carruthers, Esq.,

and J. W. Hulke, Esq., retiring from the office of Yicc-President.

That the thanks of the Society be given to Professor J. W. Judd,

retiring from the office of Secretary.

That the thanks of the Society be given to W. Carruthers, Esq.,

Professor Boyd Dawkins, the Eev. E. Hill, J. W. Hulke, Esq., and

the Eev. H. H. Winwood, retiring from the Council.

After the Balloting-glasses had been duly closed, and the Lists

examined by the Scrutineers, the following gentlemen were declared

to have been duly elected as the Officers and Council for the ensuing

year :

—
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OFFICEES.

FBESIDENT.

Prof. J. W. Judd, F.R.S.

VICE-PRESIDENTS.

H. Eauerman, Esq.

John Evans, D.C.L., LL.D., E.E.S.
Archibald Geikie, LL.D., E.E.S.

J. A. PhiUips, Esq., E.E.S.

SECRETAIRES.

W. T. Blanford, LL.D., E.E.S.

W. H. Hudleston, Esq., M.A., E.E.S.

FOREIGN SECRETARY.

Warington W. Smyth, Esq., M.A., E.E.S.

TREASURER.

Prof. T. Wiltshire, M.A., E.L.S.

COUNCIL.

H. Eauerman, Esq.

W. T. Blanford, LL.D., E.E.S.

Prof. T. G. Bonney, D.Sc, LL.D.,

E.E.S.

Thomas Davies, Esq.

Prof. P. M. Duncan, M.B. Lond.,

E.E.S.

John Evans, D.C.L.,LL.D.,E.E.S.

A. Geikie, LL.D., E.E.S.

Henry Hicks, M.D., E.E.S.

G. J. Hinde, Ph.D.

John Hopkinson, Esq.

W.H .Hudleston,Esq.,M.A.,E.E.S.

T. M^Kenny Hughes, M.A.
Prof. T. Eupert Jones, E.E.S.

Prof. J. W. Judd, E.E.S.

E. Lydekker, Esq., B.A.

J. E. Marr, Esq., M.A.
J. A. Phillips, Esq., E.E.S.

Prof. H. G. Seeley, E.E.S.

W. W. Smyth, Esq., M.A., E.E.S.

J. J. H. Teall, Esq., M.A.
William Topley, Esq.

Prof. T. Wiltshire, M.A., E.L.S.

H. Woodward, LL.D., E.E.S.
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LIST OF

THE FOREIGN MEMBERS
OF THE GEOLOGICAL SOCIETY OF LONDON, in 1885.

Date of
Election.

1827. Dr. H. von Dechen, Bonn.

1848. James HaU, Esq., Albany, State of Neio York.

1850. Professor Bernliard Studer, Berne.

1851. Professor James D. Dana, iV^ezy -ffrtyew, Connecticut.

1851. General G. yon Helmersen, St. Petersburg. {Deceased.)

1853. Count Alexander von Keyserling, Bai/kUU, Bussia.

1853. Professor L. G. de Koninck, Liege.

1856. Professor Robert Bimsen, For. Mem. R.S., Heidelbe^'g.

1857. Professor H. B. Geinitz, Dresden.

1857. Dr. Hermann Abicli, Vienna.

1859. Dr. Ferdinand Romer, Breslau.

1860. Dr. H. Milne-Edwards, For. Mem. R.S., Baris. {Deceased.)

1864. M. Jules Desnojers, Paris.

1866. Dr. Joseph Leidy, Philadelphia.

1867. Professor A. Daubree, For. Mem. E.S., Paris.

1871. Dr. Franz Ritter von Hauer, Vienna.

1874. Professor Alpbonse Fa\Te, Geneva.

1874. Professor E. Hebert, Paris.

1874. Professor Albert Gaudry, Paris.

1875. Professor Fridolin Sandberger, Wixrzburg.

1875. Professor Tbeodor Kjerulf, Christiania.

1875. Professor F. August Quenstedt, Tilbingen.

1876. Professor E. Beyricb, Berlin.

1877. Dr. Carl Wilbelm Gtimbel, Munich.

1877. Dr. Eduard Suess, Vienna.

1879. Dr. F. V. Hayden, Washington.

1879. Major-General N. von Kokscharow, St. Petersburg.

1879. M. Jules Marcou, Cambridge, U. S.

1879. Dr. J. J. S. Steenstrup, For. Mem. K.S., Copenhagen.

1880. Professor Gustave Dewalque, Liege.

1880. Baron Adolf Erik Nordenskiold, Stockholm.

1880. Professor Ferdinand Zirkel, Leipzig.

1882. Professor Sven Loven, Stockholm.

1882. Professor Ludwig RUtimeyer, Basle.

1883. Professor J. S. Newberry, New York.

1883. Professor Otto Martin Torell, Stockholm.

1884. Professor G. Capellini, Bologna.

1884. Professor A. L. 0. Des Cloizeaux, For. Mem. R.S., Paris.

1884. Professor G. Menegbini, Pisa.

1884. Professor J. Szabo, Pesfh.

1885. Professor Jules Gosselet, Lille.

VOL. XLTI. h



l8 PEOCEEDINaS OP THE GEOLOGICAL SOCIETY.

LIST OF

THE FOREIGN CORRESPONDENTS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1885.

Date of
Election.

1863. Count A. G. Marscliall, Vienna.

1863. Professor Giuseppe Ponzi, Rome. {Deceased^

1863. Dr. F. Senft, Eisenach.

1864. Dr. Charles Martins, Montpellier.

1866. Professor J. P. Lesley, Philadelphia.

1866. Professor Victor Raulin, Bordeaux.

1866. Baron Achille de Zigno, Padua.

1872. Herr Dionys Stur, Vienna.

1872. Professor J. D. Whitney, Cambridge^ V. S.

1874. Professor Igino Cocchi, Florence.

1874. M. Gustave H. Ootteau, Auxerre.

1874. Professor G. Seguenza, Messina.

1874. Dr. T. C. Winkler, Haarlem.

1875. Professor Gustav Tschermak, Vienna.

1877. Professor George J. Brush, New Haven.

1877. Professor E. Renevier, Lausanne.

1877. Count Gaston de Saporta, Aix-en-Provence.

1879. Professor Pierre J. van Beneden, For. Mem. RS., Louvain.

1879. M. ildouard Dupont, Brussels.

1879. Professor Guglielmo Guiscardi, Naples.

1879. Professor Gerhard Vom Rath, Bonn.

1879. Dr. Emile Sauvage, Paris.

1880. Professor Luigi Bellardi, Turin.

1880. Professor Leo Lesquereux, Columbus.

1880. Dr. Melchior Neumayr, Vienna.

1880. M. Alphonse Renard, Brussels.

1881. Professor E. D. Cope, Philadelphia.

1882. Professor Louis Lartet, Toulouse.

1882. Professor Alphonse Milne-Edwards^ Paris.

1883. M. Fran9ois Leopold Cornet, Mons.

1883. Baron Ferdinand von Richthofen, Leipzig.

1883. Professor Karl Alfred Zittel, Munich.

1884. Dr. Charles Barrois, Lille.

1884. M. Alphonse Briart, Morlanwelz.

1884. Professor Hermann Credner, Leipzig.

1884. Baron C. von Ettingshausen, Gratz.

1884. Dr. E. Mojsisovics von Mojsvar, Vienna.

1885. M. F. Fouque, Paris.

1885. Professor G. Lindstrom, Stockholm.

1885. Dr. A. G. Nathorst, Stockholm.
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AWARDS OF THE WOLLASTON MEDAL

ESTABLISHED BT

WILLIAM HYDE WOLLASTON, M.D., F.E.S., F.G.S., &c.

*' To promote researches concerning the mineral structure of the earth,

and to enable the Council of the Geological Society to reward those

indi\iduals of any country by whom such researches may hereafter be

made/'—"such individual not being a Member of the Council."

1831.

1835.

1836.

1837.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

Mr. William Smith.

Dr. G. A. ManteU.

M. Louis Agassiz.

I Capt. T. P. Cautley.

I Dr. H. Falconer.

Sir Richard Owen.
Professor C. G. Ehrenberg.

Professor A. H. Dumont.

M. Adolphe T. Brongniart.

Baron L. von Buch.

M. Elie de Beaumont.

M. P. A. Dufrenoy.

Rev. W. D. Conybeare.

Professor John Phillips.

Mr. William Lonsdale.

Dr. Ami Boue.

Rev. Dr. W. Buckland.

Professor Joseph Prestwich.

Mr. William Hopkins.

Rev. Prof. A. Sedgwick.

Dr. W. H. Fitton.

M. le Vicomte A. d'Archiac.

M. E. de Verneuil.

Sir Richard Griffith.

Sir H. T. De la Beche.

Sir W. E. Logan.

M. Joachim Ban-ande.

Herr Hermann von Meyer.

Mr. James Hall.

1859. Mr. Charles Darwin.

1860. Mr. Searles V. Wood.
1861. Professor Dr. H. G. Bronn.

1862. Mr. R. A. C.Godwin-Austen.
1863. Professor Gustav Bischof.

1864. Sir R. I. Murchison.

1865. Dr. Thomas Davidson.

1866. Sir Charles Lyell.

1867. Mr. G. Poulett Scrope.

1868. Professor Carl F. Naumann,
1869. Dr. H. C. Sorby.

1870. Professor G. P. Deshayes.

1871. Sir A. C. Ramsay.

1872. Professor J. D. Dana.

1873. Sir P. de M. Grey-Egerton.

1874. Professor Oswald Heer.

1875. Professor L. G. de Koninck.

1876. Professor T. H. Huxley.

1877. Mr. Robert Mallet.

1878. Dr. Thomas Wright.

1879. Professor Bernhard Studer.

1880. Professor Auguste Daubree.

1881. Professor P. Martin Duncan.

1882. Dr. Franz Ritter von Hauer.

1883. Dr. W. T. Blanford.

1884. Professor Albert Gaudry.

1885. Mr. George Busk.

1886. Professor A. L. 0. Des

Cloizeaux.

b2
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AWAEDS

BALANCE OF THE PROCEEDS OF THE WOLLASTON

^^DONATION-FUND."

1831. Mr. Wniiam Smitli.

1833. Mr. William Lonsdale.

1834. M. Louis Agassiz.

1835. Dr. G. A. Mantell.

1836. Professor G. P. DesHayes.

1838. Sir Richard Owen.

1839. Professor C. O. Ehrenberg.

1840. Mr. J. De Carle Sowerby.

1841. Professor Edward Forbes.

1842. Professor Jolm Morris.

1843. Professor Jobn Morris.

1844. Mr. William Lonsdale.

1845. Mr. Geddes Bain.

1846. Mr. William Lonsdale.

1847. M. Alcide d'Orbigny.

j
Cape-of-Good-Hope Fossils.

^^^^'
I M. Alcide d'Orbigny.

1849. Mr. William Lonsdale.

] 850. Professor John Morris.

1851. M. Joachim Barrande.

1852. Professor John Morris.

1853. Professor L. G. de Koninck.

1854. Dr. S. P. Woodward.
1855. Drs. G. and F. Sandberger.

1856. Professor G. P. Deshayes.

1857. Dr. S. P. Woodward.
1858. Mr. James Hall.

1859. Mr. Charles Peach.

I Professor T. Rupert Jones.
18bU.

]]vj;i.,-vv.K. Parker.

1861. Professor A. Daubree.

1862. Professor Oswald Heer.

1863. Professor Ferdinand Senft.

1864. Professor G. P. Deshiiyes.

1865. Mr. J. W. Salter.

1866. Dr. Henry Woodward.
1867. Mr. W. H. Daily.

1868. M. J. Bosquet.

1869. Mr. W. Carruthers.

1870. M. Marie Renault.

1871. Mr. R. Etheridge.

1872. Dr. James Croll.

1873. Professor J. W. Judd.

1874. Dr. Henri Nyst.

1875. Mr. L. C. Miall.

1876. Professor Giuseppe Seguenza.

1877. Mr. R. Etheridge, Jun.

1878. Professor W. J. SoUas.

1879. Mr. S. Allport.

1880. Mr. Thomas Davies.

1881. Dr. R. H. Traquair.

1882. Dr. G. J. Hinde.

1883. Mr. John Milne.

1884. Mr. E. Tulley Newton.

1885. Dr. Charles Callaway,

1886. Mr. J. S. Gardner.
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AWARDS OF THE MURCHISON MEDAL

AND OF THE

PROCEEDS OF "THE MURCHISON GEOLOGICAL FUND,"

ESTABLISHED UNDER THE WILL OF THE LATE

SIE EODERICK IMPEY MURCHISON, Baiit., F.R.S., F.G.S.

*'To be applied in every consecutive year in such, manner as tlie Council

of the Society may deem most useful in advancing geological science,

whether by granting sums of money to travellers in pursuit of know-

ledge, to authors of memoirs, or to persons actually employed in an}^

inquiries bearing upon the science of geology, or in rewarding any

such travellers, authors, or other persons, and the Medal to be given

to some person to whom such Council shall grant any sum of money

or recompense in respect of geological science."

1873. Mr. William Davies. Medal.

1873. Professor Oswald Heer.

1874. Dr. J. J. Bigsby. Medal.

1874. Mr. Alfred Bell.

1874. Professor Ralph Tate.

1875. Mr. W.J. Henwood. Medal
1875. Professor H. G. Seeley.

1876. Mr.A.R.C.Selwyn. Medal.

1876. Dr. James Croll.

1877. Rev. W. B. Clarke. Medal.

1877. Professor .L F. Blake.

1878. Dr. H. B. Geinitz. Medal.

1878. Professor C. Lapworth.

1879. Professor F. M'Coy. Medal.

1879. Mr. J. W. Kirkby.

1880. Mr. R. Etheridge. Medal.

1881. Professor A. Geikie. 3Iedal.

1881. Mr. F. Rutley.

1882. Professor J. Gosselet. Medal.

1882. Professor T. Rupert Jones.

1883. Professor H. R. Goppert.

Medal.

1883. Mr. John Young.

1884. Dr. H. Woodward. Medal.

1884. Mr. Martin Simpson.

1885. Professor F. Romer. Medal.

1885. Mr. H. B. Woodward.
1886. Mr. W. Whitaker. Medal.

1886. Mr. Clement Reid.
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AWARDS OF THE LYELL MEDAL

AND OF THE

PROCEEDS OF THE "LYELL GEOLOGICAL FUND,"

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE

SIR CHAELES LYELL, Bart., F.R.S., RG.S.

The Medal *' to be given annually " (or from time to time) " as a mark of

honorary distinction as an expression on the part of the governing

"body of the Society that the Medallist has deserved well of the

Science,"—" not less than one third of the annual interest [of the

fund] to accompany the Medal, the remaining interest to be given in

one or more portions at the discretion of the Council for the encou-

ragement of Geology or of any of the allied sciences by which they

shall consider Geology to have been most materially advanced."

1876. Professor John Morris.

Medal.

1877. Dr. James Hector. Medal.

1877. Mr. W. Pengelly.

1878. Mr. G. Busk. Medal.

1878. Dr. W. Waagen.

1879. Professor Edmond Hebert.

Medal.

1879. Professor H. A. Nicholson.

1879. Dr. Henry Woodward.
1880. Mr. John Evans. Medal
1880. Professor F. Quenstedt.

1881. Sir J. W. Dawson. Medal
1881. Dr. Anton Fritsch.

1881. Mr. G. R. Vine.

1882. Dr. J. Lycett. Medal
1882. Rev. Norman Glass.

1882. Professor C. Lapworth.
1883. Dr. W. B. Carpenter. Medal
1883. Mr. P. H. Carpenter.

1883. M. E. Rigaux.

1884. Dr. Joseph Leidy. Medal
1884. Professor Charles Lapworth.

1885. Professor H. G. Seeley.

Medal
1885. Mr. A. J. Jukes-Browne.

1886. Mr. W. Pengelly. Medal
1886. Mr. D. Mackintosh.
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AWARDS OF THE BIGSBY MEDAL,

FOUNDED BY

Dr. J. J. BIGSBY, F.E.S., F.G.S.

To be awarded biennially " as an acknowledgment of eminent services

in any department of Geology, irrespective of the receiver's country

;

but be must not be older than 45 years at his last birthday, thus

probably not too old for further work, and not too young to have done

much."

1877. Professor 0. C. Marsh.

1879. Professor E. D. Cope.

1881. Dr. C. Barrois.

1883. Dr. Henry Hicks.

1885. Professor Alphonse Renard.

AWARDS OF THE PROCEEDS OF THE BARLOW-
JAMESON FUND,

ESTABLISHED UNDER THE WILL OF THE LATE

Dr. H. C. BARLOW, F.G.S.

" The perpetual interest to be applied every two or three years, as may
be approved by the Council, to or for the advancement of Geological

Science."

1880. Purchase of microscope. 1884. Dr. James Croll.

1881. Purchase of microscope lamps.

1882. Baron C. von Ettingshausen.

1884. Professor Leo Lesquereux.

1886. Dr. H. J. Johnston-Lavis.
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Estimates for

INCOME EXPECTED.

& s. d. £ s. d.

Due for Subscriptions for Quarterly Journal . . 4 16 8

Due for Arrears of Annual Contributions 130

Due for Arrears of Admission-fees 79 6

214 2 8

Estimated Ordinary Income for 1886 :

—

Annual Contributions from Resident Fellows, and Non-

residents, 1859 to 1861 1480

Admission-fees 226 16

Compositions 168

Annual Contributions in advance 21

Dividends on Consols and Reduced 3 per Cents 230

Sale of Transactions, Library-catalogue, Orme-

rod's Index, Hochstetter's New Zealand, and

ListofFeUows 5

Sale of Quarterly Journal, including Longman's

account 200

Sale of Geological Map, including Stanford's

account 7

212

£2551 18 8

THOMAS WILTSHIRE, Treas.

nh, 1886.
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the Year 1886.

EXPENDITURE ESTIMATED.

£ s. d. £ s. d.

House Expenditure

:

Taxes and Insurance 36 10

Gas 22

Fuel 30

Furniture and Eepairs 15

House-repairs and Maintenance 15

Annual Cleaning 20

Washing and Sundries 33

Tea at Meetings 16

187 10

Salaries and Wages

:

Assistant Secretary 350

Clerk 160

Assistant in Library and Museum 130

HouseSteward 105

Housemaid 40

Errand Boy 46 16

Charwoman and Occasional Assistance 30

Attendants at Meetings 8

Accountant 10 10

880 6

Official Expenditure

:

Stationery 25

Miscellaneous Printing 22

Postages and other Expenses 65

112

Library 150

Publications

:

Quarterly Journal 950

,, „ Commission, Postage,

and Addressing 90

List of Fellows 33

Abstracts, including Postage 105

1178

Balance in favour of the Society 44 "2 8

£2551 18 8

VOL. XLII.
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Income and Expenditure during the

EECEIPTS.
£ s. d. £ s. d.

Balance in Bankers' hands, 1 January 1885 . 73 4 9

Balance in Clerk's hands, 1 January 1885 . 16 2 11

89 7 8

Compositions 189

Arrears of Admission-fees 69 6

Admission-fees, 1885 252
321 6

Arrears of Annual Contributions 162 12 6

Annual Contributions for 1885, viz.

:

Eesident Fellows 1485 15
Non-Eesident Fellows .. . 15 15

1501 10

Annual Contributions in advance 37 16

Dividends on Consols 203 8 5

„ Reduced 3 per Cents 30 2 4
233 10 9

Taylor & Francis : Advertisements in Journal, Vol. 40 . . 3 19 3

Publications :

Sale of Journal, Vols. 1-40 115 2 5
Vol. 41* 86 14 8

Sale of Library Catalogue 2 10
Sale of G-eological Map 7 5 10
Sale of Ormerod's Index 16 8
Sale of HochsteIter's New Zealand 1

Sale of List of FeUows 1

*Due from Messrs, Longman, in addition to the

above, on Journal, Vol. 41, &c 69 10 6
Due from Stanford on account of Geological Map 5 14 5

75 4 11

213 11

We have compared this statement

with the Books and Accounts presented

to us, and find them to agree.

(Signed) THOMAS CODEIN'GTON, 1 . ,.,

W. H. HUDLESTON. J
^'^^^^*(^^^-

8 February, 1886.

^2752 13



FINANCIAL REPORT. 27

Year ending 31 December, 1885.

EXPENDITUEE.

House Expenditure: ^ .«?. d. £ s. d.

Taxes 22 10
Fire-insurance , 13 13 9
Gas 21 17 3
Fuel 30 8 6
Furniture and Eepairs 9 17 3
House-repairs 17 1 1

Annual Cleaning 19 12
Washing and Sundries 32 16 10

Tea at Meetings 16

183 16 8

Salaries and Wages :

Assistant Secretary 350
Clerk 160
Assistant in Library and Museum 130
House Steward 105
Housemaid 40
Errand Boy 47 14

Charwoman 28 6
Attendants at Meetings 8
Accountant's Fee 10 10

879 10

Official Expenditure

:

Stationery 26 11 2
Miscellaneous Printing 22 1

Postages and other Expenses 80 6 2

128 18 4

Library 108 19 9

Publications

:

Geological Map 12 10 3
Journal, Vols. 1-40 10 13 1

Vol.41 765 12

„ „ Commission,
Postage, and Addressing . 87 4

852 12 4
ListofFellows 33 12 6
Abstracts, including Postage 104 15

1014 3 2

Balance in Bankers' hands, 31 Dec. 1885 . . 423 1 6

Balance in Clerk's hands, 31 Dec. 1885 . . 14 4 4
437 5 10

.£2752 13 9



28 PEOCEEDINGS OP TKE GEOLOaiCAL SOCIETY.

-e'ooo (?q O -vj o o o -^ (M r^- O O O 00 00 '^" t^
1

t-
i

«o'o CO CO O t^ CO* O CO t- 00 05 CO- O ^ rH r^ CD =o CD CD
I—

1

r-{ 1—
1 P-. I—I I—

I

rH

»;^ ooo CO
1-H rH ^ 1

Qi O t^ O GS

i
^ O t^ rH rH Oi

1—

1

I—

1

'^ S

J3 .

<^

^ ^
/^^iS lO ' ' ic iC

00
CX)

'^ 00
00 .a ;

-^ QC
• 4) a I—I .

'^ r-H I—

1

I—
00 rg

J
1

*«
.-

2 p ^

rp

'1
^ ^ ^ : 1

H
2

11

O
<
CO

B

^1^2 CO • <
m

35

1^' I—

1

CO O .^ .CO

iV-i

§
I—

1

CO

H 5q

3? mi m
P
P5

s 5 +
15 -V

- 3 s^ e o a

«

~H eS

^1 1 ^'^l .
"N

C3
O
e3

O ^
53

o
<5

5 s-l
^ opq

p
00

~ P ^

PC

C

3

5

Z r^ 00 CD (M 1> !>

O o
yA

• COO t- . I—1 t^ a -^ ^ CD ;?; &; cc O ZOH * rHrH "^ T—K 1—1 <5 rH o I— ^
< Q O
a;

o
iii 1—1 T—

1

^ o ^S ?8
00

S ^13 ^
<

^ ;i
^ CO
rH (M

crt M^
s

<^

• A o ! <D ! 1-5

12:

o
1 "»

^
H
o '. H|(M ;

. CO .

1

CO %
'."^

*^
o

O :o:)

•'TIS

• d 13
o

|^
• o 3

:i : <

QD

• OQ

g^.g| -^l-s

;

3

g fl
"

S f-H rcJ • Wl-M 'rl

1 1

I
eII

•^ TU P^
r-

1

pq § IP
|l ;

<

e!t

«l ^|l
•+

4SS^ ss^- is§
03
^
^
3 c

a r

If
2)

11^
5

c

a 'TIS

DP



rrN'AN'CIAL EEPOKT. 29

o
o
o

P3

pq

c t- CO CO

CO IC T—

I

t^

<4^ C90
2S

-air-.
.=0

S3 CD

'i^
rt

t ^
a
^ CS

a a
-7?,

'S ^
^pq

00' o 1—1

O

CO
02 • >

o 00 d

O CD

o
o
o

CO

o
o

O

oM

3

oi

^ P

s;:!:^ ,
CO
H

0̂0 a
'r->^

^^ r^

S fi^

O »0 QC O rti

O -^ O rH -*

0^0-3^
CfJ O CM r-l

Tt^ o o o
t^ o o
0000
Ci CO CO i^O O rH

g
to
s
o

'^ ^ 10

S d s

c5 .
-^ GO

O cS p—1

s = «^ ^

o o
'TIS

ce ^

CD a;

2 2^^

S ^ cu :;

r—

I

p ,^4-1 p

Ph 00
1^ TO CO

^1

S ^ «^
5i

J5 S
co^-S

'^

» s <5
O <! SiO -^ ft^

VOL. XLU.



30 proceedings op the geological societr.

Award of the Wollaston Medal.

In handing the Wollaston Grold Medal to Mr. Waringtox W.
Smyth, F.E.S., for transmission to Prof. A. L. 0. Des Cloizeaux,

the President addressed him as follows ;

—

Mr. Warington Smyth,—
In the absence, which we much regret, of Prof. Des Cloizeaux, I

must request you to transmit to him this Medal.

Geology is the child of two parents,—mineralogy and biology. If

we look to the latter to bid the dry bones and buried relics of or-

ganisms once more live, we appeal to the former to disclose the

nature and constitution of the earth's framework whereon they

flourished. It is therefore only just that our Society should seek

opportunities of acknowledging the aid which we receive from mine-
ralogists ; and it would be difficult to find one on whom this Wol-
laston Medal could be more fitly conferred than on Prof. Des Cloizeaux.

To enumerate the papers which he has written would be a formidable

task ; they numbered 141, so long as fourteen years ago ; what,

then, must be the present total ? I may, however, point, in passing,

to his admirable ' Manuel de Mineralogie,' and allude, as moie
directly bearing on the work of this Society, to his papers on the

classification of hyperites and euphotides, on the geysers of Iceland,

on the action of heat upon the position of the optic axes in a mineral,

and the numerous memoirs on tHe distinction of minerals by their

optical properties, especially those relating to microcline, and to

other species of felspar, of the importance of which students of

microscopic petrology are daily more sensible. I esteem it a great

honour to be the means of carrying into effect the award of the

Council by placing in your hands, to be transmitted to Prof. Des
Cloizeaux, the Wollaston Medal, founded "to promote researches

concerning the mineral structure of the earth."

Mr. Wartngton" W. Smyth, in reply, said :

—

Mr. President,—
It is, Sir, with more than ordinary satisfaction that I am privileged

to receive for, and to transmit to. Prof. Des Cloizeaux the Medal
founded by Dr. Wollaston. No one can fail to appreciate the ap-

propriateness of this award when we consider the researches into the

physical characters of minerals which have contributed so much to

the petrological branch of our science, in which you. Sir, have taken

so prominent a part. But it is more especially in the wide and suc-

cessful application of Wollaston's invention of the Eeflection Gonio-

meter that Des Cloizeaux has attained so deserved an eminence,

following closely upon the steps of Prof. Miller, to whom, in his

admirable manual, he pays so high a compliment. The Society will

regret to learn that Prof. Des Cloizeaux has been prevented b^^ do-

mestic anxieties from being present to-day.
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Award of the AVollaston Donation Fund.

The President then presented the Balance of the Proceeds of the

"VVollaston Donation Pund to Mr. J. Starkie Gardner, P.G.S., and

addressed him as follows :

—

Mr. Starkie Gardner,—
The small number of students and the paucity of memoirs seems

to indicate that fossil botany is one of those subjects of which
the difficulties repel rather than fascinate the neophyte. If per-

haps these are in some respects less formidable in the plant-

remains of the earlier Tertiary period, if, in studying them, recent

throws some light on fossil botany, yet the practical difficulties

of obtaining, developing, and preserving specimens are so great that

no little ardour and patience are demanded from one who devotes

himself to the subject. Por years this has been your special

work : after thoroughly exploring the flora of the Eocene Tertiaries

on the coast of Hampshire and in the Isle of Wight, you are now,
and liave for some time been, engaged in communicating to us the

fruits of your labours through the medium of the Palseontographical

Society, thereby earning the thanks of students. Your researches

also of late years have been extended to Antrim, Mull, and even

Iceland, and their results cannot fail to be of the highest interest

in regard to the age of these floras, and their relation to those

which occur in the Hampshire district. In recognition of past

and in aid of future work, the Council have awarded to you the

balance of the WoUaston Pund, which I have much pleasure m
handing to you.

Mr. Gardner, in reply, said :

—

Mr. President,—
I beg to return my thanks for the honour the Council have done

me in placing the balance of tliis fund at my disposal. The amount

of leisure I am able to command has not permitted me to contribute

towards the advancement of geology in this country in anything like

the same proportion as my professional brethren ; but I think I may
fairly claim to yield to none in my devotion to its i)ursuit. The
subject I somewha;t unfortunately monopolize is one of such magni-

tude that, at the best, very many years of such work as I am able

to devote to it must elapse before even a first general impression of

the composition of our Eocene floi-as can be published. I am,

however, so deeply impressed with tlie importance of the study that

I am prepared to sacrifice much in order that the time required may
not be unduly prolonged. I am convinced tliat. in addition to the

ordinary botanical, paloeontological, and evolutionary in terest attacliing

to it, it will be found to present the solution of many problems as to

the former relative positions of land and sea and tlie climatic changes
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accompanying their successive redistribution. I need hardly add

that I regard the award made me this day as a direct encouragement

to persevere in the line of research I have chosen.

Award of the Murchison Medal.

The President next presented the Murchison Medal to Mr.

William Whitaker, B.A., P.G.S., and addressed him as follows :

—

Mr. William Whitaker,—
To many members of the Geological Survey of Great Britain since

the date of its constitution we are indebted for work freely done-

—

ibeyond the sphere of their more strictly professional duties. Its

chiefs, from the days of Sir H. De la Beche to the present distin-

guished Director-General, Dr. A. Geikie, have been among the

most valued contributors to our Journal, and have enriched geo-

logical literature by their longer writings ; while among its other

members, few have done more than yourself in following the example

of its leaders. On the present occasion I will only allude to

the various Memoirs of the Geological Survey, especially that on

the London Basin, in which you have taken so large and important

a share, and will dwell rather on your contributions to our own
Journal and to other publications. Your papers on the western end

of the London Basin, and on the Lower London Tertiaries of Kent,

deserve to be ranked with the classic memoirs of Prestwich as eluci-

dating the geology of what I may call the Home District ; and

your last contribution to its deep-seated geology is still too fresh in

our memories to need more than a mention. We do not forget your

varied and valuable contributions to the Geological Magazine, espe-

cially those on the Ped Chalk of Norfolk, on the Water-supply from

the Chalk, on the formation of the Chesil Bank (written jointly with

Mr. Bristow), a paper, as it seems to me, of remarkable suggestiveness,

and last, but by no means least, '* On Subaerial Denudation,'' in

which, as remarked by the late Mr. Charles Darwin, you had " the

good fortune to bring conviction to the minds" of your fellow-

workers by means of " a single memoir."

We are also greatly indebted to you for your labours in reference

to the history of the literature of geology, a task involving not a

little labour, which, though of the greatest value to students, is to all

unremunerative and would be, to many, exceptionally toilsome. Of

this, your care for several years of the Geological Eecord, and the

lists of books and memoirs relating to the geology of various counties

in England, are conspicuous instances.

There is a peculiar appropriateness in the award to you of this

Medal, founded by Sir Poderick Murchison, one of the illustrious

chiefs of your Survey, and I have the greatest pleasure, on behalf of
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the Couucil of the Geological Society, in placing it in your hands

together with the customary grant from the Fund.

Mr. AYhitakePv, in re])ly, said :

—

Mr. Pkesidext,—
To the labourer in the fields of science the best reward is to find

that his work is approved by his fellow-workers. In the course of

my geologic life the pleasure of such approval has been given me at

various times and in various ways ; and these acknoAvledgments are

now crowned by the award of the Murchison Medal.

Knowing how carefully such awards are made by the Council, and
knowing, too, how many good and true men there are from whom to

choose, 1 cannot but take this Medal as a reward of the highest

value, which, whilst showing that my work in the past has been
thought not ill done, will cheer me on to fresh work in the future.

I am glad. Sir, to hear the remarks which you have made as to

the connection of the Ofiicers of the Geological Survey' with this

Society ; for it has always been a satisfaction to me to see papers

from Survey men, past and present, in the Society's Journal.

The pleasure I now feel is enhanced by receiving this Medal from
the hands of an old friend, whose friendship, begun many j-ears ago,

has continued with no break in succession, without disturbance, and
in perfect conformity.

To conclude, my thanks are due, not only to the Council for this

award, but also to you, Sir, for the kind and flattering words with
which you have accompanied it, as well as to my friends and
brother-hammerers for the way in -which they have shown ^their

pleasure at the great honour now done to me.

Award of the Mcechiso^^ Geological Fuxd.

In presenting the Balance of the Proceeds of the Murchison
Geological Fund to Mr. Clement Reid, F.G.S., the PEESIDE^'T

said :

—

Mr. Clemeis't Reid,—
The later Pliocene and the Pleistocene deposits of East Anglia

offer to geologists a series of })roblems as difficult as they are attrac-

tive. AVe are indebted to you for much valuable information on the
exact distribution and the fossil contents of these varied dei)08its,

which owing to peculiar local circumstances often present excep-
tional difficulties, and demand exceptionally patient study on the
part of the investigators. Your memoir on the Forest ]3ed of

Norfolk is a contribution of especial value to students as afibrding

them fuller and more precise information than could previouslv be
obtained, while the pages of our Journal and of the Geological
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Magazine testify to the zeal and thoroiigliness with which you have
applied yourself to the?e and kindred questions. In conferring

upon you this award from the Murchison Pund, which I have great

pleasure in placing in your hands, the Council of the Geological

Society hopes that it may aid you in prosecuting your studies in this

department of geology and extending them to localities which could

not be visited by you in the discharge of your professional duties as

a Member of the Geological Survey of Great Britain.

Mr. Clement Eeid, in reply, said :

—

Mr. Peesident,—
I have sometimes felt discouraged at the small results of my

work. But this welcome and unexpected award by the Council of

the Geological Society is a recognition that the work is not considered

altogether worthless, and will encourage me still to persevere.

Though a large portion of my observations have been made in the

course of the Geological Survey, I have also devoted my leisure time

to the study of various questions in Pleistocene and Pliocene natural

history. This award of the Murchison Pund will now enable me
to undertake a more thorough examination of many of the less-

known deposits.

Award op the Ltell Medal.

The President next presented the Lyell Medal to Mr. William
Pengellt, P.P.S., P.G.S., and addressed him as follows :

—

Mr. Pengellt,—
The Council of the Geological Society has awarded you the Lyell

Medal and a sum of twenty guineas from the Pund in recognition

of your lifelong labours in the cause of geology, and more especially

of your investigations in those caverns of the south-west of England

by means of which our knowledge of the condition of Britain during

the latest epoch of geological history has been so largely augmented.

To exhume the contents of a cavern, not only the lair of wild beasts,

but also an abode of men in those ages when, to quote the words of

the old Greek tragedian,

" Like tiny ants they dwelt in sunless caves,"
'^

requires the exercise of unwearied patience and, in addition, of

extensive knowledge and critical acumen. By the labours of the

Committee, of which )^ou were the hands and the eyes, and at least

a fair proportion of the compound brain, Mr. MacEnery's long-

neo-lected discovery in Kent's 'Hole was placed beyond all dispute,

ancl the contents of that cavern, its succession of deposits, its relics

* ^schylus, Prom. Vinct. 461.
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of extinct animals, and its tools of stone and hone, denoting more
than one stage of civilization, have been made known to the

world.

In like way the virgin ground of the Brixhara cave w-as inves-

tigated, and its valuable contents have been rendered accessible to

students. All this you have done, not as the fruit of secured leisure,

but in the intervals of a busy life, of which, in the full sense of the

words, time was money; and you began this work at a period w^hen,

owing to mistaken prejudices, you incurred no small risk of obloquy

and personal loss. Your work at Bovey Tracey and your papers on

the later geology of Devonshire and Cornwall are too w^ell known
to need more than a passing allusion ; the Torquay Museum and

the Transactions of tlie local societies will be a lasting monument
of your zeal in stimulating scientific researches in the neighbourhood

of your home. There is a peculiar fitness in the award to you of

this Medal, a memorial of the fearless and illustrious author of the
' Principles of Geology' and of the 'Antiquity of Man.'

I esteem myself exceptionally fortunate in being commissioned to

place it in your hands, and being thus enabled to testify my regard

for so valued and genial a friend.

Mr. Pengellt, in reply, said that he could not conceal from Him-
self, and did not wish to conceal from the Fellows, the gratification

that he felt at receiving this award. He had studied Geology for

some fifty years, although he had appeared but little in the rooms of

the Geological Society, his publications on geological subjects having

been chiefiy contributed to those local Societies in whose neighbour-

hood his researches had been carried on. His gratification at this

award compensated for much obloquy, especially as it bore the name
of an old and loved friend with whom he had worked much and often.

jSTo doubt the founder of the Medal intended that its award should

serve not only as a reward for work done, but as a stimulant to fur-

ther exertion. It came to him so late in the day, however, that he

could hardly hope to do very much more ; but although he himself

might not be urged by it to renewed efforts, the stimulus might act

vicariouslj', as the knowledge that he had received this recognition

of such services as he had rendered to science would doubtless get

spread abroad in Devonshire, and would probably serve as an incite-

ment to many local workers to persevere in their studies.

Award of the Lyell Geological Fund.

In handing the balance of the Proceeds of the Lyell Geological

Fund to Dr. Henry Woodward, F.R.S., F.G.S., for transmission

to Mr. D. Mackintosh, F.G.S., the President addressed him as

follows :

—
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Dr. WOODWAED,

I have nmch pleasure in placing in your hands, as representing

Mr. Mackintosh, the balance of the Lyell Donation Fund awarded to

him by the Council of the Geological Society. In him we have a

second instance of the way in which, through an untiring zeal for

science, the rare intervals of a hard-worked life may bear fruit so

largely augmenting the common stock of geological knowledge.

There are few problems more interesting than that of the physical

condition of our native land during the period commonly desig-

nated the Glacial Epoch ; but for its solution an exact know-
ledge of the distribution of erratics and an identification of

their points of departure is absolutely necessary. Those who,
like myself, have attempted to adjust the rival claims of glacier

and floe, of the ice-chariot versus the ice-ship, as vehicles of

boulder-transport, can hardly speak too highly of the value of the

papers on British erratics which he has contributed to our Journal

and to other publications. I trust that this award may not only be

gratifying to him as a mark of our ajDpreciation, but also help him in

continuing his labours in a field where, notwithstanding them,

much still remains to be done.

Dr. WooDWAED, in reply, said :

—

Mr. Peesident,—

•

The intelligence of the decision of the Council has had a most

cheering effect on Mr. Mackintosh, and will brighten the remaining

years he may have left to him. It is well known to Fellows of this

Society what has been the nature of Mr. Mackintosh's work, and
what good and careful observations he has made, extending over

long years of wandering up and down through England and Wales,

and carefully observing wherever he went. I cannot do better than

read the following letter from Mr. Mackintosh, which, indeed, is

addressed to yourself. He says :
—" In thanking you for the honour

conferred upon me by the Award of the Lyell Donation Fund, I

may mention the fact that 25 years ago I was elected a Fellow of

this Society, and that Sir Charles Lyell was one of those who signed

my certificate. I am now seventy years of age ; this is the second

occasion that my work has been so much honoured, for I am proud

to be able to state that I was presented with the Kingsley Medal of

the Chester Society of Natural Science in 1881."

AWAED OE THE BaELOW-JaMESOX FunD.

The Peesident then handed the Award from the Barlow-Jame-

son Fund to Dr. W. T. Blanfoed, F.R.S., for transmission to Dr. H.

J. Johkston-Lavis, F.G.S., and addressed him as follows :

—
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Dr. Blaneord,—
1 will ask you to transmit this Award to Mr. Johnston-Lavis.

In this country happily the volcanic fires have long ceased to

glow, and the earthquake seldom causes more than a transient

tremor. It is otherwise on the shores of the Bay of Naples,

where again and again during the last eighteen centuries Vesuvius

has rained down ruin ; and of late years the earthquakes of Ischia

have wrought destruction on the works, and desolation in the

homes, of men. It is true that these phenomena of the darker

side of nature have not been unobserved by the many illus-

trious men of science to whom Italy has given birth ; but " the

curse of Babel" has debarred some of us from access to their

works. This alone gives an exceptional value to the elaborate

studies which Mr. Johnston-Lavis has undertaken of the various

eruptive-products of Vesuvius, and of the Ischian earthquakes.

There is yet another advantage, that natural phenomena should

be studied by men of different nations, diverse training, and varied

habits of mind. In recognition of his past labours and in furtherance

of future work in the vicinity of Naples, the Council have awarded
to him a grant from the Barlow-Jameson Pund, which I have much
pleasure in placing in your hands.

Dr. Blaneord, in reply, said that the best mode of replying to the

kind remarks made by the President would be to read a letter

which he had received from Dr. Johnston-Lavis. That gentleman
said :

—

" It was with a considerable amount of astonishment and pleasure

that I received your letter announcing the Grant from the Barlow-
Jameson Fund, since the news was so perfectly unexpected. The
honour thus paid me for my attempts to clear up some questions in

vulcanology and seismology will stimulate mo to further follow that

line of investigation, with the hope of adding something more to

our knowledge of those subjects.

" My professional work at this season prevents me from having

the great pleasure of being present in person to receive this mark of

esteem from the hands of our President. Will you kindly express

my deep gratitude to the Society for so generously conferring such
an honour upon me."

VOL. XLIl.
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THE AjN-^IVEESAHY ADDRESS OF THE PRESIDENT.

Peof. T. G. Bom^et, D.Sc, LL.D., E.E.S.

Gentlemei^,

During the past year our losses by death, I deeply regret to

say, have been hardly less numerous and no less severe than they
had been when last I had the honour of addressing you.

On April 15th another link which connected the present with
the " heroic age " of Geology, was broken by the death of the

Eakl of Selkiee:, who expired after a short illness, at the family

seat of St. Mary's Isle, Kirkcudbrightshire, in the seventh-sixth year

of his age. His father, the seventh Earl, will be long remembered
in Canada as the founder of settlements of Highlanders in Prince

Edward's Island and in that district of the present province of

Manitoba which still bears his name. The troubles which, in its

early days, beset the latter colony,—troubles, which might almost

be called persecutions, had not their motive been zeal for mammon

—

required the founder's presence in Canada, and he sailed thither in

1815, taking with him his family, including the late Earl, Dunbar
James Douglas, then a child six years old. The boy returned to

England in 1819, and after the death of his father in the following

year, went to Eton and in due course to Christ Church, Oxford,

where he had a distinguished career, obtaining a first class in

mathematics. Henceforward a large part of the Earl of Selkirk's

time was devoted to those duties which fall naturally to the share of

one born to a considerable estate and hereditary honours, and his

conscientious discharge of them won for him the respect and love

of all classes in Kirkcudbrightshire. He took a deep interest in

the affairs of the Church of Scotland, and, in addition to his private

duties, filled the responsible positions of Lieutenant of the Stewartry,

of a representative peer of Scotland, and of Keeper of the Great

Seal of that ancient kingdom. But his life, even if it may be

called uneventful, was far from monotonous. He travelled much in

days when locomotion was less easy than at present. There were

few countries in Europe of which he had not some personal know-
ledge. He had visited Egypt, Palestine, and Syria, had stood in the

trenches at Sebastopol, and in his yacht had cruised about the

Mediterranean ; while still a young man, he crossed the Atlantic

a second time for an extended tour in Canada and the United

States, and in 1871 he went to India. A keen observer and lover

of science, these travels were to Lord Selkirk no desultory wander-

ings, but he returned from them with augmented knowledge stored

up in a remarkably retentive memory. This, added to his natural

ability and wide experience, would have enabled him to attain a

high place, had he desired it, among students of science ; but though
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a lover of books, and intimate with all the leading men of science

of his generation, he docs not appear to have written much, and he

only contributed two papers to our publications ; probably he found

that the duties of his position interfered with the continuous study

which science demands
; few men, however, can have loved Nature

more than ho, and his body and mind happily remained vigorous

until the end. He was with us, then in his seventy-sixth year, a

very few weeks before his death, looking so hale and well that one

would have predicted an extension of his term of life to at least

fourscore years, deafness appearing to be the only infirmity from
which he suffered. Unhappily a chill, caught while driving in one

of the bitter winds of last spring, terminated in an inflammatory

attack which proved speedily fatal. He became a Fellow of the

Society in 1830, and of the Eoyal Society in 1831. He married,

late in life, a daughter of Sir Philip Grey-Egerton, formerly so well

known to this Society, and as he died without issue, the earldom is

merged with the titles of the House of Hamilton. In private life

few men have been more deservedly beloved than Lord Selkirk. In
the home circle, among his tenantry, in the larger duties of life, he

was distinguished no less for his rectitude of principle than for his

amiability of character. To our Society the loss is great. True, he

did not contribute much to our Journal, and of late years was
prevented by his deafness from joining in th^^ebates, but he was
one of those men who seemed to exercise a softening and refining

influence wherever he went. The present age, with its hurry, its

competition, its occasional asperities, which rufile sometimes even

the calm of science, can ill spare one in whom courtesy and
kindness seemed innate, who had all the grace of the " old school,"

without its occasional affectation of condescension, who, in short,

was entitled to bear, in the fullest and highest sense of the word,

"the grand old name of gentleman."

On October 14th last, after an illness of some duration, passed

away at his Brighton residence, Thomas Davidsox, of Moir House,
Midlothian. Born in 1817, his early days were chiefly spent on

the Continent. At first art divided his regards with science, and in

Paris he studied the one in the studios of Horace Yernet and Paul
Delaroche, the other in the lecture-rooms of Elie de Beaumont,
Milne-Edwards, Geoffrey St.-Hilaire, and other Professors of the

Sorbonne. At Edinburgh, where he matriculated, he came under
the influence of Jamieson ; then, after a further study of art in Rome,
he made it subservient to science, and at the instance of Leopold von
Buch, undertook the examination of the Brachiopoda. The first fruits

of his labour in this class, at that time but imperfectly understood,

appeared together with some contributions from the late Dr. Car-

penter and others in the volume of the Palaiontographical Society for

1851. Part followed part :vith little break in the annual succession

of volumes, such was the industry of the author, who, having suc-

ceeded to considerable property, was enabled to devote his whole time

to science. At last, in the volume for 1870, the magnificent mono-
e2
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graph on the British Brachiopoda, occupying three quarto volumes,

with very numerous plates, all drawn by the author's own hand,

was completed. Many men would now have been content to rest

from their labours, and to repose upon their well-earned reputation.

Not so with Davidson. As he had passed onwards from formation

to formation, new material, through the zeal of collectors, had con-

tinued to accumulate in the fields which he had left, and the re-

searches of Mr. Maw and others in the Wenlock Shales, had pro-

vided fresh opportunities of ascertaining the internal structure of

the earlier Brachiopoda. So a supplementary memoir was begun,

the first part appearing in the volume of the Palseontographical

Society for 1873, the last in that for 1885, the whole forming three

volumes, similar in form to the original work. But the volumes

of the Palaeontographical Society were not the only outlet for

the results of Dr. Davidson's industry. Frequent contributions,

commonly relatiug to the Brachiopoda, but sometimes to more
general questions, often beautifully illustrated by the author's own
hand, appeared in our Journal, the Geological Magazine, the Trans-

actions of the Linnean Society, and the Annals and Magazine
of Natural History, not to mention other publications, British and
foreign. His latest work, unpublished, but happily completed at

his death, was a Memoir on Eecent Brachiopoda, which will appear

in the Linnean Transactions. Mr. Davidson was elected a PeUow
of this Society in 1852, and was for two years one of its Honorary
Secretaries, receiving in 1865 the Wollaston Medal ; in 1857 he

was elected a Pellow of the Boyal Society, and in 1870 was awarded
one of the Eoyal Medals. He was also a Fellow of the Linnean

Society, and an honorary member of numerous Societies, British and
foreign. In 1882 the University of St. Andrews conferred upon
him the honorary degree of LL.D.

By the town of Brighton, where of late years he chiefly resided,

he will long be remembered for his exertions on behalf of science

and his gifts to the Museum. With that large-minded liberality

which distinguished him throughout life, he has bequeathed to the

National Museum at South Kensington his magnificent collection of

Brachiopoda, together with his books illustrative of the study.

His health had been failing for some time before his death, but he

was able to continue his scientific labours almost to the last. In him
we have lost one of those accomplished specialists who, though

they have selected a limited field for their labours, have dealt with

it in so philosophic a spirit that they have aided largely in the

progress of science. It will be so long before the work of Thomas
Davidson is forgotten by geologists and biologists that he might

have ventured to apply to the volumes which were the chief work
of his life the well-known Horatian verse

" Exegi monumentum sere perennius."

On November 10th, 1885, a lamentable accident deprived our

Society of one of its most eminent members, Dr. William Bei^jamin

Caepentee. Born at Exeter in the year 1813, he was educated at
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a school kept by his father, a Unitarian ^Minister in that town.

His early bent was to engineering, but ultimately he was attracted

into the medical profession, receiving his education for that pur-

pose at University College, London, and at the University of Edin-
burgh, where he graduated as M.D. in 1839. For a time Dr. Car-

penter practised medicine in Bristol, but in the year 1844, en-

couraged by the success which had attended his first important

work, ' The Principles of General and Comparative Physiology,' he

decided to devote himself to a literary and scientific career, and
removed to London, where he was appointed Pullerian Professor of

Physiology at the Royal Institution, and to a Professorship at

University College. In 1851 he was appointed Principal of Uni-

versity HaU, which office he held till 1859. He resigned these

Professorships three years before this date on his election to the

llegistrarship of the University of London. In this oflice his

varied culture, great powers of organization, calm judgment, and
courtesy of manner were of the highest service to the University,

and he occupied this post uiitil the year 1879, when he retired on a

well-earned pension.

Though a very large part of Dr. Carpenter's busy life was devoted

to the study of Physiology, and thus lies outside the scope of our

Society, he was deeply interested in the problems of Geology, and has

laid its students under lasting obligations. His investigation of

the microscopic structure of the shells of the MoUusca, his researches

on Echinodermata, his studies of the Poraminifera, above all the

magnificent volume describing and figuring the exquisite structures

of these lowly organisms, published, with the aid of Professor

liupert Jones and Mr. W. K. Parker, among the serial volumes of the

Hay Society, have been of inestimable value to geologists. In him
we may recognize one of those pioneers and masters in microscopical

work, who have indicated how important in the world of nature

is the " task of the least." Dr. Carpenter's name will also long be

associated with the difiicult yet fascinating controversy concerning

Eozoon canadense, which abnormal structure he was among the

earliest to claim as an organism and as belonging to the Foraminifera.

At the time of his death he was engaged upon an exhaustive memoir,

in which the results of his later researches were to be embodied,

but this unhappily has been left in a very incomplete state. Of the

question itself, whether Eozoon bo truly an organism or only a most

singular mineral simulation, we may truly say, adhuc sub judice lis

est ; but whichever way it be decided, it will hardly diminish the

value of Dr. Carpenter's researches ; for even if this supposed glimpse

of the dawn of life prove to be an illusion, yet in the quest much
wiU have been learnt, and the investigator will not have returned

empty-handed.

But Dr. Carpenter has another claim on the gratitude of geologists.

It was very largely owing to his perseverance and activity that those

deep-sea researches were undertaken which at last culminated in

the ' Challenger ' expedition. In the earlier of these Dr. Carpenter

took part, spending in this way no inconsiderable portions of his
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vacations. Twenty years since, the depths and principal contours of

the great ocean-basins were almost unknown, their abysses were
deemed lifeless, their currents and temperatures were very in-

adequately determined. On all these points a flood of light has

been thrown, so that many as are the mysteries yet unsolved, the

foundations are now laid firm and sure on which the labourers of

the future may build.

Dr. Carpenter was elected a Fellow of our Society in 1847, and
received the Lyell Medal in 1883 ; he was elected into the Royal
Society in 1844, and was awarded a Royal Medal in 1861, He was
made a C.B. in 1879, received in 1871 the honorary degree of LL.D.
from the University of Edinburgh, and was President of the British

Association at the Brighton meeting in 1872. In the following year

he was elected a Corresponding Member of the Institute of France.

Dr. Carpenter belonged to a family more than one member of

which has made some mark in the world. His brother, the late Dr.

P. P. Carpenter, was eminent for his knowledge of conchology ; and
the philanthropic labours of his sister Miss Mary Carpenter will long

be held in grateful remembrance. More than one of his sons has

imitated his father's devotion to science, one of whom. Dr. P. H.
Carpenter, has contributed to our Proceedings some very valuable

papers on the Echinodermata.
The general character of Dr. Carpenter's mind has been so well

described in a feeling and appreciative notice, that I shall venture

to quote from it a few sentences :—" He was a natural philosopher

in the widest sense of the term, one who was equally familiar with
the fundamental doctrines of physics, and with the phenomena of

the concrete sciences astronomy, geology, and biology. It was
his aim, by the use of the widest range of knowledge of the facts of

[N'ature, to arrive at a general conception of these phenomena as the

outcome of uniform and all-pervading laws"*. To these I may add
some other characteristics which, during a friendly intercourse of

full fifteen years, specially impressed themselves on my own mind.

One w^as the comprehensiveness, I might almost say the versatility,

of his mind. His interests were esceptionally wide, his know-
ledge surprisingly multifarious

;
yet the latter was always accurate

and thorough. Dr. Carpenter was no narrow scientist, but a man
of an unusually large general culture ; for whom music, arts, poetry,

philosophy, all had their charms. His accurate memory, his rich

and varied stores of knowledge gave an especial value to his lectures

and conversation, though perhaps they sometimes produced an
exuberance in the treatment of a subject, and caused him to forget

that the interest of his listeners was less unflagging than his own

;

yet this excess, if such it were, was only the natural outcome of Dr.

Carpenter's conscientious thoroughness and absorption in his work,

which caused him to forget both himself and his hearers, and resulted

from his high sense of duty, which forbade him to deal super-

ficially with any subject, even the most ordinary. Duty, indeed, as

the writer I have already quoted observes, " was the most dominant
"^ Prof. E. E-ay Lankester in ' Nature,' Nov. 26, 1885.
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conception of his life ;" but this conception, while it strengthened

and ennobled himself, did not produce censoriousness or austerity

towards others ; for nowhere was he more attractive than in the

social, or beloved than in the domestic circle. He seemed to me—and
I have especial reason to know it—to be above pettj' jealousies and
resentments. To younger men he was always helpful and generous,

and extended to many some share of that affectionate sympathy
which made him so beloved in his own family. The evening of

Dr. Carpenter's days was peaceful, and he seemed to have only just

begun to feel the increasing burden of years when through a short

and painful passage he entered into his rest, and, as we may humbly
hope, into a fuller knowledge of that Truth of which he had been
through this life so earnest a seeker.

J). C. Davies died suddenly on Sept. 19th last, while return-

ing from Norway to England, on board the steamship ^ Angelo.'

He was born at Oswestry, and being left an orphan at an early age,

was entirely self-educated. Apprenticed to an ironmonger in his

native place, he did not cease to be a zealous student, and before

long gave evidence of a special bent towards geology. This, espe-

cially the economic side, gradually absorbed more of his attention.

What had been begun as a pastime became a source of income, and

about twelve years since, he was enabled to give up trade, and engage
in the business of a mining engineer, in which capacity he made
many journeys and, as I am informed, met with considerable suc-

cess. He contributed three papers to our Journal, all bearing upon
the geology of North Wales or its border-land ; but he also pub-

lished separate works on ' Slates and Slate-Quarrying,' on Metal-

liferous Mines,' and on ' Earthy and other Minerals.' He also

wrote largely in periodical literature both on scientific and on

miscellaneous subjects. He was moreover a lay preacher, and had
published a volume of sermons. His death, from heart-disease, was
very unexpected, for he was still in full work and had only reached

the age of fifty-eight.

James FERGUssoif was born at Ayr in the year 1808, and received

a part of his education at the High School of Edinburgh. He
entered a merchant's house, and proceeding to India became a

partner in an important business. On retiring from this, he
travelled through various parts of the East, chieliy with a view of

studying their architecture, after which he returned to England,

where he spent most of the remainder of his life. It is on his

works on architecture that his reputation will chiefly rest. If his

views, as on the age of the Kubbct-es-Sakharah at Jerusalem, and on
dolmens and other megalithic monuments were occasionally some-

what paradoxical, these arc forgotten in the merits of his ' Histories

of Architecture,' and of his great works on the religions and archi-

tecture of India, to mention no other volumes or memoirs. It must
not, however, be forgotten that he published a paper in our Pro-

ceedings on " Recent Changes in the Delta of the Ganges," which has
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been often and deservedly quoted. He became a Pellow of this

Society in 1864, having been elected into the Royal Society the

previous year, and he received the degree of LL.D. from the Uni-

versity of Edinburgh in 1882. He died on January Qth, to the great

regret of a numerous circle of friends.

The death of Professor Jonisr Moeeis, in the opening days of the

present year, severed one of the few remaining links between the

past and the present generation of geologists. Born on February
19th, 1810, at Homerton, he received his education at private

schools and was afterwards engaged in business as a pharmaceutical

chemist at Kensington. His inclination to science was soon mani-
fested, and at the outset he took great interest in astronomy, one
of his earliest papers, published in the ' Magazine of ISlatural

History ' for 1836, being some observations on the Aurora Borealis.

Before this date, however, he had become interested in geology, and
had begun to collect materials for a catalogue of British fossils.

While thus engaged he published a valuable series of preliminary

notes in the ' Magazine of Natural History,' commencing in the

year 1839, and the first complete edition of the work appeared in

1845. A second edition was published in 1854, and the last years

of his life were occupied by the preparation of a third edition, for

the publication of which he was endeavouring to arrange at the

time of his death. This catalogue, to quote the words of an
appreciative memoir of Professor Morris, published in the ' Geolo-

gical Magazine ' for 1878, " may be placed among the most im-
portant contributions to modern Geology. It is far from being a

mere compilation, as every one who has worked with it can testify.

Every group, every genus, every species was made the subject of

exact study, and in each department the specialist is surprised to

find the advanced views of this great master in palaeontology. The
work, with its wonderful accuracy in detail, has contributed largely

to the elaboration of stratigraphical geology by supplying the life-

data so necessary for such a task."

In 1853 and 1854 Morris accompanied the late Sir Roderick
Murchison on geological tours in Europe, and in the year 1855 he
was appointed to the chair of Geology in IJniversity College, which
he held until 1877, finally retiring from business some little time
after his election. Inadequate as was the remuneration of this

post, Professor Morris devoted himself most energetically to the

discharge of its duties, delivering full courses of lectures, accom-
panying his pupils on geological excursions, and enriching the col-

lection with numerous specimens, the fruits of his rambles. Of
the value of the gifts which he made to us at University College I

can speak from the fullest personal knowledge, and may add that

after my appointment as his successor, he not only presented nume-
rous specimens and appliances for teaching, but was in the habit of

frequently visiting the College to help me in arranging and identi-

fving specimens. In recognition of his services, the Council of
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Universit}'- College, on his retirement from, the chair of Geology,

appointed him Emeritus Professor.

He became a Fellow of this Society in 1845, has more than once

served on the Council, and has been one of the Vice-Presidents. I

may add that, within my own memory, his own consent alone was
wanting to secupe his nomination to the Society as President. In

recognition and in aid of his scientific labours, he was awarded the

balance of the Wollaston Donation Fund in the years 1842, 1843,

1850, and 1852, and the Lyell ^Medal (its first award) in 1876. He
took a keen interest in the Geologists' Association, as in every move-
ment which aided in furthering an interest in geology, and was
its President from 1868 to 1870, and again in 1877 and 1878. It

is x^leasant to record that though one of those men of whom we
may truly say that in science " he did good by stealth and blushed

to find it fame," his services were not unappreciated, both in this

and other countries. In the year 1870, a valuable testimonial was
presented to him by numerous friends and admirers, and eight

years later a second, chiefly subscribed by members of the Geologists'

Association. He was elected an honorary member of many scien-

tific societies, British and foreign, and in 1878 was admitted to the

Freedom and Livery of the Turners' Company of the City of London.

A few months later the University of Cambridge, in recognition of

his scientific eminence and of the services which he had rendered in

editing the Catalogue of Cambrian and Silurian fossils drawn up by
the late Mr, Salter, and on other occasions, conferred upon him the

honorary degree of Master of Arts. This recognition on the part

of a University to which he was especially attracted by ties of

private friendship with several of its members, with which also he

had been officially connected by acting as deputy for the late Pro-

fessor Sedgwick and as one of its examiners, gave Professor Morris

the liveliest pleasure, and he indicated his appreciation by placing

his name on the boards of St. John's College, selecting that for

reasons which may readily be conjectured.

Professor Morris was a born teacher ; to a memory of extraordinary

retentiveness he united a remarkable power of lucid exposition.

He was able, even at the shortest notice, to express his ideas simply

but clearly, clothing a train of well-connected reasoning in lan-

guage often chosen with unusual felicity. Such was his modesty,

that it was at times almost necessary to thrust him forward to

speak, yet after a few sentences all nervousness seemed to disappear

;

the enthusiasm of the speaker began to animate his audience,

keeping them enthralled as he poured out the rich stores of his

knowledge. His friends were wont to say—and I venture to assert

that it is no exaggeration— that he was a walking encyclopedia of

geology. This, indeed, I know, that I have never asked him a

question—and these were many and various—without obtaining in

reply some valuable information.

The accuracy and retentiveness of his memory were something
extraordinary ; not only the names, but the whole history of the

specimens which he had collected, and the details of sections which
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he had examined years before, were readily recalled without re-

ference to note-books : indeed I doubt whether he kept diaries or

made any but the briefest memoranda. Moreover, the many-sided-

ness of his knowledge was exceptional ; not only was he, as uni-

versally admitted, eminent in all branches of palaeontology and
stratigraphy, but also he was no mean proficient in^mineralogy and
petrology. Yet he was no mere gatherer of learning. His critical,

or perhaps I should rather say, his judicial powers were not less

remarkable. He saw almost b}^ instinct the weak point of a theory
;

and a " brilliant hypothesis," in its brief day of fashion, found small

favour with him. Yet more, while delighting most in the scien-

tific aspect of geology, he was so intimately acquainted with its

practical applications that he might have added largely to his

income by acting as a consulting geologist. This, however, he
could rarely be induced to do ; while anxious to make sufficient pro-

vision for old age, and with this end living always with the utmost

frugality, he refused many opportunities of augmenting his income

and thus of doing with ease that which he accomplished with diffi-

culty.

Professor Morris's written contributions to science are numerous,

but they are less numerous than his friends desired. In this matter

also his shrinking from self-assertion was evident. A paper had to be

almost extorted from him by friendly persistence, and I have known
him press the information at his command on another rather than

put pen to paper himself. Still the biography in the Geological Maga-
zine, to which I have already referred, records a very considerable

list of papers, in addition to his 'Catalogue of Fossils ' and the volume
on the Great Oolite Mollusca, written jointly with the late Dr.

Lycett, as one of the memoirs of the Palaeontographical Society.

Since this date (1878), a few, but only a few, have been added.

These papers, however, will serve to indicate the remarkably wide

range of Professor Morris's knowledge. They embrace subjects

mineralogical, stratigraphical, and palEeontological, and while among
the last named, hardly any important class in the animal kingdom
is unnoticed, there are several devoted to fossil botany, of which

rarely studied branch of science Professor Morris had an exceptional

knowledge. He was, I believe, the first to detect the presence of

Lycopodiaceous spores in Coal. But if he abstained more than his

friends desired from placing his views on record by means of the

printing-press, he was liberal in imparting knowledge in all other

ways. For years he was assiduous as a geological lecturer, not only,

as I have said, in University College, but in more temporary appoint-

ments at many other places. His hand was present to help in the

books of more than one of his illustrious contemporaries, and he was
so liberal in communicating information to his friends that one of

them has said that " it was often difficult for him to distinguish what
was his own work and what he owed to Professor Morris, seeing that

the Professor so heely communicated his knowledge in conversation,

that it became incorporated with the author's own stores."

Professor Morris was never a robust man, and after a severe
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illness about two years since, it became evident that his working-

days were ended. His mind, however, remained clear to the last,

and his interest in geology never flagged. He sufi'ered more from

weakness and depression than from actual pain, and awaited the

great change in the calm resignation and confident hope of a

Christian.

Though I knew that the end could not be far off, I had hoped

that the task of pronouncing this threnody would have fallen to my
successor ; for there are times in life when the feelings of the heart

are too deep for utterance. Those among us who knew John
Morris well, need not be reminded of what a friend we have lost.

To none is this loss greater than to myself. For years his kindness

to me has been > almost parental. jSTothing that I did or wrote

seemed without an interest to him. The main subject of this address

was discussed in our last conversation. To the imperfections of,my
work he was more than " a little blind," to whatever good it might
possess he was " ever kind." His death has severed one of those

ties which can never be formed again on this side of the grave.

By the death of Henri Milne-Edwards, not only France but
also the whole world of science has lost a veteran of the highest

rank, a field-marshal in its army. Born at Bruges in the year

1800, he early manifested a predilection for science. His father

was a Jamaica planter, who in consequence of political troubles

quitted that island, and after residing for a time in England settled

in Belgium. His mother was an Englishwoman, Elizabeth Yaux,
a member of an old family ; and Henri, the second offspring of that

union, was the twenty-ninth child of his father, who had been pre-

viously married. The latter, though he had suffered severely from
the tyranny of the first Empire, afterwards became a naturalized

Frenchman, and his son Henri studied medicine at Paris. For a

time art and pleasure proved more attractive to the young man
than science ; but a loss of fortune summoned him to earnest work.
In 1832 he was appointed a Professor at the College Henri lY., and
twelve years later succeeded Geoffroy Saint-Hilaire at the Sorbonne.

Though the major part of his numerous publications belong to

zoology, yet palaeontology was rightly regarded by Milne-Edwards
as an inseparable part of that science, and geology claims him as

one of her greatest benefactors. His first paper which directly

treats of fossils dates so far back as 1836, and deals with some forms
belonging to the genus Eschara. He also wrote at various times
on fossil Crustacea, and in 1863 on the human jaw of Moulin

-

Quignon. But his great palseontological work by which his name
will ever be held in honour among us, was done among the Corals.

Of it the most important parts are numerous papers, written con-

jointly with M. Jules Haime about the years 1848 and 1849,
which were followed up by their great book ' Monographic des

Polypiers Fossilcs des terrains Paleozoiques, prccedee d'un tableau

general de la classification des Polypes.' ISText in order came, by
the same authors, the important contributions to the Palaeonto-
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graphical Society, on the History of the British Fossil Corals. Of
this memoir, so familiar to all English students, the first part

appeared in 1850, and the last in 1854, the whole forming a quarto

volume of more than 300 pages and 72 plates. Lastly, after the

death of M. Haime, Professor Milne-Edwards published his ^ His-

toire naturelle des Coralliaires,' which, though more strictly zoolo-

gical than the others, is of hardly less importance to palaeontologists

from its bearing on the anatomy and on the principles of classifi-

cation of the Zoantharia. Its merits and that of the preceding

work are by none more esteemed and acknowledged than by Pro-

fessor P. M. Duncan, the author of the ' Supplement ' contributed to

the Palseontographical Society. Of the enormous amount of work
accomplished by Milne-Edwards during his long and laborious life,

space does not allow me to speak in detail. I will only say that

its leading characteristic was that he never lost sight of physiology

in zoology, and thus was a contributor to the philosophy no less

than to the taxonomy of science.

His merits happily were not unrecognized. He was revered by
his numerous pupils. Many honours were conferred upon him in

his own country, among them being the membership of the Academy
of Sciences and the grade of Grand-Officer of the Legion of Honour.
He received eleven orders from various foreign countries, Great

Britain, it is needless to say, not being one of them ; but he was
elected a Eoreign Member of our Society in 1860, and was Honorary
Eoreign Member and Copley Medallist of the Eoyal Society. He
died on July 29, 1885.

A veteran in science, whose name brings up memories of a past

generation of geologists, was lost to us early last March in the

person of General Gregoe von Helmeesei^t, who was elected one of

our Eoreign Members in 1851. He was an assiduous worker,

devoting his attention especially to the coal and other mineral

.

deposits of Russia, on which subjects he contributed largely not only

to scientific journals but also to more popular periodicals. A friend

of Murchison, and a helper in his work on Russia, General von
Helmersen's furst paper, relating to the Ural mines, is dated in

1835 ; and he afterwards contributed more than once to our Journal.

So far back as 1873 we find a list of sixty-nine papers bearing his

name in the Catalogue of the Royal Society ; and his latest present-

ations to our Library in the year 1883, ' Studien liber die "Wander-

blocke und die Diluvialgebilde Russlands,' and ' Geologische und
physico-geographische Beobachtungen im Plonezer Bergrevier,' are a

proof of the wide extent of his interest in our science and his ability

to labour effectively up to a very advanced period of life.

Giuseppe di Tomaso Ponzi, Eoreign Correspondent of the Society

since the year 1863, was born on May 20, 1805. Educated for the

medical profession, he was in active practice for some years, highly

distinguishing himself for his energy during an outbreak of cholera

in 1836. After devoting himself more especially to scientific pur-
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suits, he was still able to be of great assistance to the wounded
during the defence of Rome in 1849, and in consequence was for a

time regarded with disfavour by the restored Pontifical authorities.

Gradually he was attracted from anatomical to geological studies, and
after he had taken a leading part in drawing up a geological map of

the Eoman Campagna, was appointed, in 1 862, professor of geology.

He was enabled to labour on till within a short time of his death,

and was the author of more than ninety papers on various geological

subjects, the last, " Contribuzione alia Geologia dei Yulcani Laziali,"

evidently intended as the beginning of a series, appearing in the
' Atti deir Accademia dei Lincei,' for 1885.

Passing now from these memories of the past to less painful sub-

jects, I am glad to be able to congratulate the Society on the marked
improvement in its finances. This, however, is due, not so much to

an increase in our income as to the diminished expenditure on our
' Quarterly Journal,' the sum expended on the last volume havingbeen
.£776 as against £1106 in the preceding year. One cause of this

reduction, no doubt, is that the number of papers read before the

Society was less than in the corresponding time of previous years
;

but I think that the imperative need of economy has also led

Referees and Council alike to impress more strictly upon authors the

advantage of terseness, and has compelled them to consider more
closely whether a paper had a local or a general interest. I believe

that in the future, until our income increases, this question must be

more closely regarded than it has been in the past.

In what I am about to say I must be regarded as speaking on my
own responsibility ; but as it is a point which has been forced upon
my consideration during my period of office, both as Secretary and
as President, I shall venture to touch upon it at parting. At our

present rate of income, I am of opinion that about =£800 is the maxi-
mum sum which we are justified in devoting in any one year to pub-
lishing our Quarterly Journal. It is evident, therefore, that some of

the papers read before the Society must be issued in an abridged form,

occasionally only as brief abstracts. Selection being thus rendered

necessary,—even supposing that authors have done their best to prune
away redundances and unimportant disquisitions—this must be made
on some definite principle. Papers on geological subjects, it appears

to me, can be broadly divided into two classes, those of which the in-

terest is mainly local, or those in which it is mainly independent of

a locality. Thus, to take an example from our own country, a

paper may contain an account of sections which it is highly desirable

should be recorded in the transactions of a local society, as adding

to the detailed knowledge of a particular formation or district, but

which, as telling of no new facts of importance, and suggesting no
new inductions, have not sufficient general interest for our

Journal. In maintaining such a distinction there is no real hard-

ship to authors ; there are now several publishing societies, as well

as the ' Geological Magazine,' a function of which is to relieve the

pressure on our Journal by providing authors with opportunities
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for publication. To take another example from palgeontology—

a

new species may be well worthy of description, but it may add so

little to our knowledge that an account of it may justly be excluded
from our Journal at times of pressure. This same principle of

division applies also to the publication of papers descriptive of the

geology and palseontology of distant parts of the earth. Some of

these papers have an interest independent of their locality. One
that supplies an important link missing from the chain of life ; one
that aids us to a right understanding of the action of natural forces,

or of the genesis of rocks, finds, like the brave man, a fatherland in

every country ; but the interest of a large number may be said to

vary inversely as the distance from any place, so that while they

would be of high value in the pages of some antipodean journal,

they can only find a welcome here in a season of redundancy of

wealth or scarcity of papers. It may be alleged with truth that we
have subscribers resident in all parts of the earth,—still, this is the

Geological Society of London, and in Great Britain the large majority

of our Pellows live and work. It is equally true that the Empire of

England is world-wide, and on this account, I have heard it asserted,

the, capacity of our Journal should be as all-embracing,—sentiments

admirable in themselves, and admirably suited for the platform of

the orator ; but even patriotism, when translated into action, needs

the sinews of war, and sentiment must be Limited by the homely
duty of paying your debts. Hence, I think the Council could not

be blamed were it sometimes to suggest to an author, resident in

another hemisphere of the globe, that his communication would find

a more appropriate birth nearer to the place of its conception. Ob-
viously, hard and fast lines cannot be drawn ; difficulties will arise,

and authors and referees will naturally sometimes differ in opinion.

Still I believe that it is always better to endeavour to establish and to

act on a principle, even if this has to be a little elastic, and I am con-

vinced that sonie such principle is becoming absolutely necessary unless

our income increases, at which solution of the -difficulty no one would
rejoice more than myself. It would, at any rate, I am convinced,

save trouble ultimately if such a princijDle were recognized and pro-

fessed ; for during the last eight years, I can remember more than

one case where valued contributors have been annoyed because the

Council could not undertake the publication of a paper, when, had
there been any general understanding of the kind which I have men-
tioned, the authors would have perceived that the paper was one to

which, under existing conditions, our funds could not properly be

applied.

The papers which have been presented to the Society since I had
the honour of addressing you last year have been fewer in number,

but certainly not inferior in importance, than those which I then

reviewed. Among these communications on Palaeontology and
Stratigraphy have decidedly predominated. In Palseobotany we
have received papers only from Mr.'Kidston and Baron von Ettings-

hausen, while our knowledge of many of the classes in the extinct

animal world has been . augmented. Mr. Vine has written on the
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Poraminifera and Polyzoa of the Cambriclge Greensand, Mr. Waters

has described some Cyclostomatoiis Polyzoa from Australia ; corals

have received notice in two paj^ers from Professor P. M. Duncan
and in one from Mr. Tomes ; and the former author also favoured

us with a most important and suggestive paper on the structure of

the tests of the endocyclic Echinoidea. Professor Rupert Jones has

largely added to our knowledge of fossil Ostracoda. The MoUusca,

however, have received only passing notice. Mr. J. W. Davis has

described some fish-remains from I^ew Zealand, Mr. Hulke has

described the sternal apparatus of Igucmodon, and Mr. Lydekker a

crocodile from Malta ; Dr. H. Pohlig has sent us some notes on

extinct species of Elephants and on the Pliocene of Maragha in

Persia ; and from Mr. Lydekker we have also received a paper on

mammalia from the same deposit, besides a third paper on an

Eyinaceus from the Miocene of Switzerland. Dr. H. Woodward
communicated to us an important memoir on Rliytina gigcis, exter-

minated through greed of gain in historical times ; while Sir R.

Owen, though unfortunately unable during the past year to be

present at our evening meetings, has assured us of his continued

interest in the Society by sending a paper on the premaxillaries

and scalpriform teeth of a large extinct Wombat.
Our knowledge of the stratigraphy of the United Kingdom has

been augmented, as regards the Lower Palaeozoic rocks, by Messrs.

Marr and T. Roberts, whose important paper on a district near

Haverfordwest supplies much valuable information. The late

Mr. D. C. Davies wrote on the coalfields of iS'orth Wales and Salop

:

Mr. Bather on the Lias and Oolite of Eawler ; and Messrs. Jukes-

Browne and Hill, in their recent papers, have augmented our know-
ledge of the subdivisions of the Chalk and their horizontal extension.

From Mr. Irving and Mr. Hudleston we have received important

papers on the geology of parts of Surrey ; Professor Judd has given

us, in a supplementary paper, the final results of the unsuccessful

boring for water at Richmond ; and Mr. W. Whitaker, in his con-

tribution to the deep-seated geology of the London basin, has

supplied students of the physical geography of bygone ages with
fresh materials, chiefly obtained in borings for water through the

Chalk at Chatham. The rapid thinning out of the Lpper Neoco-
mian of Kent and Sussex in a northerly direction, and the occurrence

next below it of Oxford Clay underneath Chatham, are facts not less

important than suggestive. In Post-tertiary geology contributions

have been made by Messrs. Ormerod, Ricketts, MeUard Reade, %nd
J. A. Brown, and last, but by no means least, by Dr. Hicks and
Mr. W. Davies, of whom the former has temporarily deserted his

researches among the most ancient rocks to explore the bone-caves

in the valley of the Clwyd. We have also received papers descrip-

tive of South-African geology from Mr. Penning, and of ^N'ew Zealand
from Captain Hutton ; while Dr. R. von Lendenfeld has asserted

that even torrid Australia has endured a glacial period.

Petrological papers also have by no means been wanting. Mr,
E. Rutley has read us two papers, brief but elaborate ; Mr. Cole
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has written on hollow spherulites ; Mr. Gresley on some interesting

nodules of haematite found in the Permian beds of Leicestershire
;

your President on some Picrites ; and Mr. Johnston-Lavis has dealt

with a large subject in his paper on the physical conditions involved

in the injection, extrusion, and cooling of igneous rock. Dr. Calla-

way has brought to our notice, in his communication on granitic

and schistose rocks in N". Donegal, one of those areas on the

Western side of Ireland in which, I am convinced, a rich harvest

yet awaits future workers. Mr. W. W. Watts has made his dehut

as a contributor to our Journal with a very valuable paper on the

igneous and associated rocks of the Breidden Hills; while from
Professor Judd we have received another instalment of his long and
arduous labours in the North of Britain, in the form of his most
important and suggestive memoir on the Gabbros, Dolerites, and
Basalts of Tertiary age in Scotland and Ireland.

Without the limits of our Journal also there are no indications

that the store of scientific energy on the part of our Pellows is

becoming exhausted. The Geological Magazine continues its useful

career and maintains its high standard. Perhaps a marked increase

in the number of contributors might cause, through an " embarrass-

ment of riches," some anxiety to its excellent editor ; but I am sure

that both he and its publisher would regard with equanimity, nay,

welcome heartily, a doubling of its subscribers. The annual volume
of the Paleeontographical Society, edited by our Treasurer, Professor

Wiltshire, has just appeared. In it Mr. Starkie Gardner concludes

his notice of the Conifers of the British Eocene, and two other

works are completed, the authors of which have now laid down the

pen for the last time: these are Dr. Davidson's supplementary

memoir on the British Brachiopoda, and Dr. T. Wright's monograph
on the Ammonitidse of the Lias. A memoir on the Stromatoporidae

is commenced by Professor Mcholson. It is evident, from the part

now issued, that an exceptionally difiicult, but certainly very inter-

esting subject has fallen into most competent hands. The present

volume maintains the high standard of those that have preceded

it, and I know of no other desideratum for this series than a larger

measure of pecuniary support. In regard to these two works, may
I be permitted for one moment to plead, as I am accastomed to do

elsewhere for various beneficial objects, and to recommend them
to geologists as worthy of a more general support than they at

present receive. Science, like a fatherland, calls for patriotism on the

pa]4 of its votaries. There are in each branch of science certain

publications the support of which is incumbent on the student as a

primary duty. Therefore, whether or not his own particular investi-

gations have much in common with these, he is bound, in my
opinion, to subscribe to their support, and to devote each year a

small sum of money to the general good. It is, I think, hardly

creditable to a geologist who can afford the expenditure, to reckon

on consulting the numbers of the Geological Magazine and the

volumes of the Palseontographical Society in this Library.

The second volume of Phillips's ' Manual of Geology,' rewritten
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by Mr. Etheridge, has now been published, forming a book yet

larger than the first volume, the work of Professor Seeley, which I

noticed last year. This book, as might be expected, is a perfect

mine of information on Stratigraphy and the Life-history of the

Earth, presenting us with the outcome of many years of incessant

labour. Perhaps its magnitude wHl make it less serviceable to the

ordinary student preparing for examinations, but it will be an in-

valuable book of reference for those who have left behind such

anxious periods of trial, and a veritable quarry from which teachers

for years to come will extract valuable materials for the edification

of their hearers. jN'otwithstanding the pressure of his official duties,

Dr. A. Geikie has found time to prepare a revised and enlarged

edition of his excellent ' Text-book of Geology,' and only yesterday I

received a copy of another work from his pen, a ' Class-book of

Geology ;' Professor James Geikie also has just published a smaller

volume entitled ^ Outlines of Geology,' which will, no doubt, be

useful to less advanced students. The first volume of another im-

portant text-book has also recently appeared, from the pen of the

worthy successor of Buckland and Phillips in the Oxford chair, our

friend Professor Prestwich. The present volume treats of geology,

chemical and physical. It has a special value as embodying the

experience of a veteran in science, and a special interest as being

conceived in what we may call (I trust without offence) a reactionary

spirit, being intended as a gentle protest against the too monotonous
views of some disciples of the IJniformitarian School. Clearly and
attractively written, admirably " got up " by the Clarendon Press,

this work will add to the reputation, already so great, of its author^

and when completed will have a permanent and honoured place in

the libraries of geologists.

Our own Library has received many valuable additions, by pur-

chase, exchange, and donations, during the past year, and I hope

that, in future, it will be found possible to expend a slightly larger

amount on its sustentation and augmentation than has been done

in the past. I cannot close my remarks on the recent history of

our Society without adverting to the loss which it has sustained

within the last few days by the death of Mr. AV. W. Leighton, who,

for many years, has so efficiently discharged the duties of clerk.

He was present among us, as many of you will remember, at our

last evening meeting, apparently in good health. He retired to rest

as usual that night, and in the morning was found to have passed

from slumber into the sleep of death.

Three events during the past year, though only indirectly connected

with our Society, call, I think, for a passing notice. Of these, one is

the celebration of the coming of age of the ' Geological Magazine,' to

which I alluded in my last address. Some friends of the learned and
indefatigable Editor-in-chief having decided to avail themselves of

the opportunity of indicating their sense of his services to geology, a

committee was formed and a subscription-list was opened. As the

result, in the month of December last, by permission of the Council.

VOL. XLII. /
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a meeting was held in this room, at which a service of plate and a

cheque for about <£250 were presented to Dr. Henry Woodward.

The next is the visit of the Geologists' Association to Belgium.

There is no Society in which our own should feel a deeper interest

than in this, for it developes an interest in geology, besides sending

on many of its members to augment our ranks. Its annual summer
excursions have long been a special feature of the Association ; it

has once before crossed the '^ silver streak " to the vicinity of Bou-
logne ; but this year it was determined to take a bolder flight and
spend a few days among the Palaeozoic rocks of Belgium, along the

course of the Mouse. The careful preparation for this journey, as

evidenced by the publication of geological information, the excellent

organization of the expedition, and the cheerful cooperation of some
of our Belgian friends, rendered this excursion, in which more
than seventy members took part, a remarkable success, on which the

President, Mr. Topley, and the indefatigable Secretary, Dr. Foulerton,

are to be congratulated. May we hope that some of our own
interesting localities will prove attractive to foreign societies, and
that our visitors will meet with a welcome as cordial from the

geologists of Great Britain ?

The last event on which I will touch is the interesting exhibition

of maps, models, and teaching-appliances in geography, recently

opened under the auspices of the Royal Geographical Society. The
main object of its promoters was admittedly to awaken an interest

in and improve the teaching of geognosy, or Erdlcunde (sometimes

called physical geography), as a branch of education, especially in our

schools and universities. Perhaps, were we disposed to be critical,

we might say that some of its promoters, in their enthusiasm, appear

to have forgotten that almost all that is truly scientific in what is

called physical geography, is really, and has been from the first, an

integral part of geology, so that no geologist can concede that

geognosy is exclusively or even mainly the property of a Society

wbich admittedly deals with the descriptive rather than with the in-

ductive side of phenomena. This seeming but unintentional aggres-

sion, an oversight proceeding from zeal in itself laudable, we can

afford to let pass, with just a friendly word of protest, and in every

endeavour to secure sound and effective training in a subject so well

suited for educational purposes as is geognosy we should cooperate

heartily with our sister Society. If its Fellows can provoke British

Avorkmen to emulate those of other countries, and provide us with

better maps at a moderate cost, and with more systematic appliances

for teaching, if they can introduce a more general use of maps with

contour-lines and properly graduated shadings, if they can impress

upon teachers the value of models, and provide them at a reasonably

low price, we, as geologists, can hardly be too grateful.
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It is my intention to-day to trespass on your patience by making
some remarks on the group of rocks usually designated "meta-
morphic."

Eor more than a quarter of a century I have spent some weeks,

almost in every year, in districts where crystalline rocks predomi-

nate. At first my attention was chiefly directed to physical ques-

tions, then to the petrology of igneous rocks, nevertheless I did not

wholly neglect those commonly called metamorphic. These, by
degrees, attracted more and more notice, especially in the year 1875,

when I examined parts of the Pennine Alps, in the districts

around the Matterhorn and Mont Blanc. Even then my researches

were lithological rather than ])etrological ; but soon afterwards wider

questions began to force themselves more and more upon my mind,

and my examination gradually became more systematic.

The first work undertaken in the hope of throwing any light on

the questions to which this address will be devoted, was in the

summer of 1878, when, on my return from Italy, I examined the

rocks of the St. Gothard Pass from Airolo to Goschenen. During
the next two years I was able to pay brief visits to parts of the

Eastern Alps, the Odenwald, E-oss-shire, and Anglesey, and since

then I have examined, as you know, other districts in Great Britain.

In 1881, I did some work on both sides of the upper part of the

Ehone Valley and on the southern slopes of the Simplon Pass. In

1883 I revisited the St. Gothard and studied the interesting sec-

tions of the Yal Piora, besides crossing (in unpropitious weather)

the Oberland Chain on its western side, near where the schists and
gneisses begin to be concealed beneath masses of Secondary rocks

;

after which I passed along a portion of the crystalline series, in a

similar situation between Im Hof, in the Haslithal, and Wasen,
on the St. Gothard road. In 1884 I examined the metamorphic
rocks of Canada about Cote St. Pierre, Templeton, and St. Jerome,

and traversed a long section of Laurentian and Huronian rocks *,

exposed in the new cuttings of the Canadian Pacific railway, north-

east of Lake Huron. Last year I determined to attempt to piece to-

gether aU the odds and ends which I had gathered in the course of

either study or personal work in the Alps, by running two long

sections transversely across the chain, so directed as to link together

some of my former work and to give me the opportunity of regard-

ing certain questions in the light of the most recent information

and hj-potheses. On this occasion I had the good fortune to be

accompanied by my friend the Eev. E. Hill, to whom I am indebted

for much kind aid. AYe commenced by examining the crystalline

rocks of the valley of the Eeuss, below "Wasen (which previously I

had only seen very imperfectly), so as to extend northward the St.

Gothard section. Then, passing up the Maderanerthal, we examined

'^ I gladh' take this opportunity of returning my hearty thanks to Sir W.
Dawson, Dr. Selwyn, Dr. Harrington, and other Canadian friends who accom
panied me and aided me with their knowledge ou these journeys, and to the
Directors of the Canadian Pacific Railway for their great liberality and the
exceptional facilities which thev afforded me.

/2
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the crystalline series as it emerged from beneatli theMesozoic strata.

Turning southward we next went by the Brunni Pass to DissentiSy

in the Upper Eheinthal, and thence crossed the Lepontine Alps by
the Lukmanier. Erom the top of this pass we crossed over into

the Yal Piora, thus examining again some of the work done in

1883, and linking it on to the present section. From Olivone,

which stands at the foot of the steeper part of the Lukmanier Pass,

we descended the Yal Blegno to Belliuzona, whence we travelled

to Lugano, following the crystalline schists till they disappeared

under Trias sic rocks on the shores of that lake. This section com-
pleted, we made our way to Ivrea, at the mouth of the Dora Baltea,

ascended that valley to Aosta, crossed the St. Bernard to Martigny,

and finished by examining, not for the first time, a part of the
northern crystalline axis together with the remarkable overlying

conglomerate of Carboniferous age at Yernayaz, in the Ehone Yalley.

I have risked the charge of egotism in giving these personal

details for two reasons. One, because this general sketch will faci-

litate reference later on to the various facts which I have learnt

during my journeys ; the other, because I wish to show that, if I

express a decided opinion on any point, it has not been formed with-

out considerable labour and an honest endeavour to qualify myself
for the work. Here I may venture to repeat, with increased em-
phasis, the remarks which I made last year as to the importance of

accumulated experience in forming conclusions in regard to petrology,

a thing true in working at metamorphic rocks even more than
igneous rocks. It is often almost impossible to express in words
the appearances, whether under the microscope or in the field, which
may be absolutely convincing to an experienced worker, and which,

notwithstanding, even if they could be actually exhibited to an in-

experienced petrologist (however great his skill in other branches of

geology), would probably speak to him in a language which would
be but imperfectly understood. All departments of geology have their

difiiculties, but in none, I think, are they so grave as in this part of

petrology. Many a time have I felt tempted to despair, so vast did the

task appear, so hopeless the problems which it presented for solution.

It is very easy to strike out brilliant hypotheses if you will only

limit your field of study. The chemist who confines himself to his

laboratory, the lithologist whose eye is glued to his microscope, the

field-geologist who is vowed to total abstinence from that instrument,

in turn put us to temporary shame by the seeming clearness with
which they elucidate our difficulties ; but, as our experience widens,

the guiding star to which they so confidently pointed proves to be

but an ignisfatuus, and the theory which once pranked it so bravely

is ignominiously dismissed to the limbo of exploded hypotheses.

Yet more, I do not believe that the study of any one district,

however conscientious that study may be, will suffice. Each region

has its peculiarities, which, while they are liable to mislead us on
some points, may clear up our difficulties in regard to others. Hence
a comparative study of several districts will often enable us to avoid

erroneous inductions, or to feel a confidence in our conclusions which
would be unattainable with a more limited experience. When a
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certain stage of knowledge has been reached, even hasty traverses

of a district, which are much to be deprecated at an earlier period,

become of the highest value. For instance, there are portions of the

Alps in which I should now learn more by walking along the

chain in a zigzag course over four passes, than I should by spend-

ing the same time in the minute scrutiny of any one of them

;

because in the latter case I should probably only obtain additional

instances of things already known, while the former would enable

me to draw some general conclusions.

In this address I shall not attempt to lay before you a tithe of the

evidence on which some of the statements which I may make are

founded, because to enter upon minute details like those of micro-

scopic work would expand it beyond all reasonable limits ; and
because, as I have said, they would fail to appeal to many of my
audience. It will be my endeavour to give, as briefly as possible,

a sketch of the nature of the answers which my investigations have
returned to certain questions which, though they did not arise quite

simultaneously, were ultimately prominent in my mind. These

questions were the following :

—

(1) What connexion is there (if any) between stratification,

cleavage, and foliation ?

(2) What are the relations between the rocks commonly con-

sidered of igneous origin and those presumably of sedimentary ? Do
members of the one class ever pass into the other ? Or, in other

words, are we right in regarding the former as the result of meta-
morphic action on the latter, carried to an extreme ?

(3) Are the rocks commonly called metamorphic, restricted to any

period or periods in geological history ?

(4) What is the genetic history of the rocks
^
commonly denomi-

nated metamorphic ?

But before attempting to contribute, however inadequately, to

the replies to these questions, I must venture a few remarks upon
the nomenclature of this branch of petrology. Last year I com-
mented upon our difficulties and deficiencies in this respect as re-

gards igneous rocks ; but the confusion which there prevails is small

in comparison with that in the present department.

Eor instance, two words of primary importance, metamorphism
and schist, are as yet far from being used in a definite sense. One
geologist will speak of the rocks of a particular district as " meta-
morphic," or exhibiting " regional metamorphism," when they are

only silky slates and indurated grits, which may perhaps be termed
quartzites : rocks, that is to say, in which subsequent chemical

change has utterly failed to obliterate the indications of an original

clastic condition. Another will mean by the phrase that the rocks

are gneisses and crystalline schists (micaceous, hornblendic, &c.) ;

that is, rocks in which the original constituents have been practically

effaced by subsequent chemical changes. Again, in the mouth of

one geologist, a " schist " will mean any rock that has a rough
fissility,—probably not a shale, but either an imperfectly cleaved

^late- or a foliated rock ; while another restricts the term to the

foliated rocks, in which, as a rule, no obvious traces of the original
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constituent particles remain. In reference to the lax use of the

word metamorphism, I am of course aware that any one may argue

in defence that a cleaved argillaceous rock is metamorphic, because

it has undergone a change in structure ; but in that sense almost every

limestone and a great many other ordinary sedimentary rocks are

metamorphic, for their present condition is far from identical with

their original one. But if the term be thus widely extended, if it

is made to include rocks the genesis of which, according to the ordi-

nary laws of reasoning, is a certaintj^, and rocks the genesis of which
is a matter of great uncertainty, then it ceases to have any classifi-

catory value, and cannot be used in any process of exact reasoning.

So also as regards the term " schist." I am, of course, aware
that, etymologically, the word means something that splits ; that, his-

torically, it has been applied variously. Eut so long as there is no
flagrant violation of history or of etymology, objections of this kind

are mere trilling. Cases arise in the history of all sciences when it

becomes necessary to fix with precision the meaning of a term pre-

viously used rather vaguely. So long ago as 1862 the late Prof. Jukes

pointed out the necessity for doing this with the word " schist," and
I have no hesitation in saying that until both it and " metamor-
phism " are properly defined, our progress will be greatly retarded.

Unless it be preferred to exclade the term from science and coin a new
one, rocks should be called metamorphic when such marked minera-

logical change has taken place that their original condition is a

subject for inductive reasoning rather than for simple observation.

A hard-and-fast line cannot be drawn ; but, as I pointed out last

year, if this difficulty is to stop us we may as well abandon most
branches of natural science. Even assuming (for the purposes of

argument) that you can discover every stage of transition between
a shale or a slate and a mica-schist, still there do exist in nature

two great groups at the opposite ends of your chain, each as common
as the connecting links are rare, namely, the non-metamorphic shales

and the metamorphic crystalline schists (to mention no others);

and for these two, as a necessity of clear thinking and definite

reasoning, we must have distinctive names*. The same precision

is required in using the term '^schist." If I do not know (as very

often I do not) whether a writer means by schist only a hard rough

shale, or a badly cleaved slate, or a foliated (and so truly meta-
morphic) rock, how can I either understand his reasoning or venture

to draw any inductions from it? Nay more, this ambiguous
terminology is often, if I mistake not, the cause of erroneous

reasoning. I have seen more than once in geological text-books

and papers not only statements and arguments with regard to general

principles, but also conclusions relating to metamorphism, which I

happened to know rested mainly, if not wholly, upon these wide and
loose applications of the above terms.

It may, indeed, be alleged that the epithet " metamorphic," as

above defined, is too vague to be of any use ; and terms, which de-

* To the above-named connecting forms the term " bypometamorphic," pro-

posed first, I think, by Dr. Callaway, may be conveniently given.
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fine more precisely the nature of the change, have heen suggested.

Messrs. King and Eowney, for example, have proposed to divide

metamorphic rocks into two groups, mineralized and methylosed;

the one denoting those in which the original constituents have

formed, by crystallization, various definite minerals ; the other those

in which the constituents have been changed by chemical reactions.

For the latter process the terms metasomatosis and paramorjpliosis

have also been proposed by certain other authors. Further, Mr.

Kinahan has proposed to apply the term paroptesis to the effects

produced by contact with intrusive masses of igneous rocks, and
metapepsis to the effects of " regional metamorphism." I doubt,

however, whether the more high-sounding paroptesis is better than

the plaiuer " contact-metamorphism," and it is at least not more
accurate ; neither do I think metapepsis any particular gain. I

believe that if it were necessary to distinguish the various modifi-

cations comprehended in the general term metamorphism, the

following would be the most accurate :

—

(1) Metastasis (change of order), denoting changes rather of a para-

morphic character, such, for example, as the crystallization of a

limestone, the devitrification of a glassy rock. (2) Mctacrasis (re-

combination), denoting changes like the conversion of a mud into a

mass of quartz with mica and other silicates. (3) Metliylosis (change

of substance) denoting change rather of a pseudomorphic character.

Under these terms, I believe all the principal changes which we
have to consider would be included; but I must confess to no
great love for augmenting the technical terminology of science. A
compound word of foreign origin is no doubt sometimes a gain, by
serving as a brief symbol to express a complex idea ; but there is

always a danger lest it should be used to mask ignorance rather

than to facilitate reasoning.

Minor, but important requirements in our nomenclature are :

—

The definite recognition of groups where the changes are mineral,

rather than structural ; namely of metamorphic rocks, inwhich the new
constituents have not, as in the case of the foliated rocks, a definite

orientation. Obvious examples are quartzites and crystalline lime-

stones, which, indeed, like argillites *, may be sometimes more
properly reckoned among the hypometamorphic. AVith these cases,

however, we are familiar ; but it is less clearly understood or admitted

that every igneous rock has, or may have, its metamorphosed repre-

sentative. Thus luxulyanite and greisen result from the alteration

of granite; diabases and certain hornblendic rocks from that of

dolerite ; serpentine (such as the Lizard) from that of a peridotite.

Many of the compact felstones also have resulted from the devitri-

^ This term is itself not of uniform application. It ^youkl best be used for

the much-indurated argillaceous rocks which, were they cleaved, would be

called slates. The more siliceous varieties are sometimes called hdllejlmtas.

This name, though useful for field-purposes, as an admission of incomplete

knowledge, is worthless for classification, many so-called hdllefllntas being

merely compact felstones or old rhyolites. As the etymology of the word
promises, it has often been the means of leading geologists astray.
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fication of once glassy acid lavas, and we are at present unaware
how far this alteration has extended. Again, there are many de-

ficiencies in our terminology which need to be supplied. The
majority of our names for members of the metamorphic group

imply the existence of foliation, yet we not unfrequently meet with

rocks in which, though no orientation of the mineral constituents

exists, the structure differs generally from those characteristic of

igneous rocks, and agrees with those characteristic of metamorphic.

It is no part of my present purpose, for it would lead too much
into a discussion of minute details, to propose a system of nomen-
clature. I shall accordingly content myself with indicating the

principles on which such classification should be founded. Eor this

purpose, as I pointed out last year, we may regard the igneous rocks

as primordial, and the others as derivative. The latter originate from
the former, either directly by some process of detrition, the result

being what are called the clastic rocks ; or indirectly by separation of

constituents, mainly by chemical action, and subsequent precipitation.

To the second of these groups belong (for instance) such rocks as

beds of anhydrite, gypsum, and rock-salt, with certain limestones and
XDossibly some dolomites. To the first belong the great bulk of the

stratified rocks. The igneous rocks also may undergo alteration,

either by simple chemical change, as in the instances quoted above,

or by mechanical crushing, followed by chemical changes. The
results of the latter process vary much; sometimes the previous

history of the rock is evident, sometimes it is dubious. Thus some
porphyroids are simply crushed rhyolitic rocks, in which a filmy

micaceous mineral has been subsequently developed along the rude

planes of cleavage ; some " schalsteins " are probably compact
basalts that have undergone the same treatment ; some amphibolites

and hornblende-schists are crushed doleritic rocks, in which greater

subsequent changes have occurred. As we shall presently see, any
igneous rock may be crushed in situ, and the result of subsequent

mineral change may almost—nay, locally, may wholly—efface its

original constitution.

The clastic rocks may be produced either by the explosive action

of volcanoes, or by the detritive action of rain, rivers, sea, &c. The
constituents of the former will, of course, be mainly of igneous origin.

The latter will be the ordinary arenaceous, argillaceous, or other

sediments, which are so familiar to us that I need not delay over

them. Lastly there are the rocks whose origin is mainly organic,

the accumulations of the remains of plants, or the more solid parts of

animals.

These rocks, whether of clastic or organic origin, also undergo

alteration varying in amount and in its nature. In the first stage, on
the chemical side, there are the micro-mineralogical changes which
result in the consolidation of material once incoherent, and the partial

obliteration of original structure ; on the mechanical side there is the

production of cleavage. In the second stage, there is the entire or

almost entire rearrangement of the constituents of the rock, so that,

as a rule, we can only infer its origin by processes of inductive
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reasoning. The agencies producing the change, in all cases where

we can ascertain their nature, are heat, water, pressure ; the effects

of these acting singly, in pairs, or conjointly can be observed in

various cases familiar to every student, and it is possible that the

same results may be produced by different amounts of each. As a

rule, however, we can distinguish as the results of ^'contact metamor-

phism " the effects which are produced on sediments by the intrusion

of igneous rocks ; while the term " regional metamorphism " is applied

to the cases where great masses of stratified rocks, buried deep below

others, perliaps also subjected to lateral earth-pressures, have been
exposed to the action of a moderately and uniformly elevated tempe-

rature in the presence of water. To the action of the latter the great

masses of schists and gneisses have been by many geologists

unhesitatingly referred. They have been regarded as simply the*

muds and silts and other sediments, and possibly in some cases the

volcanic ejecta, of past geological periods, once more exhumed after

a long entombment. Thus at one time many of the crystalline

schists and gneisses were unhesitatingly regarded as contemporaneous

with strata which, in other localities, teemed with the relics of

organisms, and were of Paleozoic or even later age. The last few
years have witnessed the growth of a new school in geology. Its

members, while admitting the possibility of these identifications,

consider that the evidence in their favour has been in so many
instances proved to be fallacious, that the onus pi^ohandi lies on
him who asserts, not on him who denies the identification. They
also are of opinion that the older race of geologists were probably

nearer to the truthwhenthey assigned these great masses of apparently

stratified crystalline rocks to an age anterior to that of the earliest

member of the Palaeozoic period. Thus the crystalline schists and
gneisses are now supposed by many experienced geologists to have
been produced in those dim ages in this world's history which in-

cluded the dawning days of life, and in ages yet earlier than these,

when on a recently consolidated crust, and in an atmosphere over-

charged with vapour, forces, physical and chemical, were more intense

in action than they have ever been since. For this period the names
of Pre-Cambrian, Azoic, Eozoic, and Archsean have been proposed*.

During the last three or four years, however, the attention of

workers has been so forcibly directed to instances of modifications

* The claim of one or other has been advocated in certain cases with some
warmth. Into these contests I do not propose to enter, for I cannot feel

much sympathy with them. In a question of this kind it seems to me compa-
ratively unimportant what name has the priority of date or who coined it. The
main question is, which is most simple and most accurately expresses scientific

fact? tfudged by this standard, it appears to me that Azoic and Eozoic are the less

desirable, as involving theories, though the latter is probably the more accurate,

for it must be remembered that the propriety of the term Eozoic is not in tlie least

bound up with the Eozoon controversy. It is in the highest degree improbable
that there were no living creatures on the earth anterior to the Cambrian period.

So that if life began at any time prior to it, the period in the course of which it

began—as we cannot hope to fix the epoch precisely—may fairly be called

Eozoic. The other two express a definite fact, the antiquity of the series. Pre
Cambrian is the more precise, but I think, on the whole, Archaean preferable.
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produced by pressure of great earth-raovements, followed by mineral
changes, that I note a tendency to revert in some respect to the for-

mer position, or rather to affirm that, while admitting the existence of

great masses of gneiss and schist of indubitably Archaean age, these

may be so interfelted and interfolded with those of later date, so

crushed and modified subsequently, that it is impossible to go back
beyond the date of the last great mutation which, like a desolating

flood sweeping over a land, has effaced the traces of an earlier crys-

tallization or an earlier stratification.

In consequence of this recognition of the effects of pressures due
to great earth-movements, it would be found, I think, very con-

venient to apply the term '''pressure metamorpJiism^^ to cases where
the eff'ects of pressure may be recognized with reasonable certainty,

'and to reserve the term " regional metamorj^hism" for those ancient

rocks, occupying extensive areas of the earth's surface, which,

whatever be their history, are in all probability by no means
in their original condition.

In the study of these questionsmy views have changed. I believed

and taught for years, as most geologists of my age would naturally do,

that gneisses and schists were in many cases metamorphosed Palaso-

zoic, if not later rocks. Gradually this faith broke down, not,

however, until it had led me into serious blunders*. Then, by
degrees, I began to recognize how much greater than I had hitherto

supposed were the results of pressure, producing crushing in situ,

often a rude cleavage, followed by some mineral change. Through
not knowing this, I had attributed too much weight to appearances

of a fragmental structure in gneissoid rocks, and had inclined to

refer some schistose crypto-crystalline rocks to altered tuff's, as

in the Sharpley and Peldar Tor rocks of Charnwood, instead of to

rhyolitic lavas, crushed in situ. My work in South Devon in 1883
opened my eyes a little to the effects of pressure as modifying rock-

structures ; but unluckily my work in the Alps a few weeks later

tended rather to throw me off the scent. The following year, how-
ever, convinced me how completely stratification could be simulated

by the results of crushing, and prepared me to accept, at any rate

in part, the statements of Prof. Lapworth as regards the " newer
gneiss " of Scotland, and of Dr. Lehmann as regards the Saxon granu-

lites. Yet, while listening to all who seemed to reason fairly and

seek to learn of nature, I have striven to follow no teacher, not

even myself, blindly, but to work at these questions, as is right,

in the spirit of a sceptic, who, however, believes that truth can be

found sooner or later.

Let me say now, once for all, that I make no claim to originality

or priority of observation. I am fully conscious of my obligations

to the writings of those who have passed away, such as Darwin,

Sharpe, Sedgwick, Macculloch, Mchol, and Scrope, and, for informa-

tion, pubhc and private, to feUow-workers in England and on the

^- E.g. that of thinking that the Twfc Hill conglomerate in North Wales
might be a member of the earlier Archaean series, and that the "newer
gneiss series " of the Loch-Maree district might overlie the limestone.
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continent. To none am I more indebted than to my friends Pro-

fessors Judd and Lapworth in England, to various workers in

Canada and in the United States, and to Heim, Lehmann, and the

members of the Geological Survey of Switzerland, whose maps have

been of late years of the greatest help to me. Still I have studied

nature in regard to these subjects more than I have studied books

;

because, owing to the difficulty of being quite certain of the sense

in which the author was using his words, and the scepticism produced

by finding upon how slight a basis of fact important generalizations

had been made to rest, I determined at the outset to test every-

thing for myself, and take as little as possible on authority or for

granted. If then there is any value in my results, it will be that

they have been obtained, as far as possible, independently, and
sometimes actually in iguorance of the work of others ; e. g. 1 had
arrived at conclusions which in certain respects agreed with those of

Heim and Lehmann before I had read their books.

My task to-day will be rendered more easy by a few preliminary

remarks on the structures of which I have to speak, and a brief

outline, in anticipation, of the conclusions to which I have been led.

• Eoliation may be produced, as has not seldom been pointed out,

by the action of pressure during crystallization. Thus it may occur

in an igneous rock, as a structure produced while the mass is

cooling. Of this, however, I do not at present speak ; such a structure

is often local, and is always abnormal ; that is to say, it is a de-

parture from the ordinary mode of crystallization of an igneous rock,

in which there should be no definite orientation of the constituent

minerals. In these cases, however, the minerals retain substantially

the characteristics which they exhibit in the normal rock, into

which frequently they pass by almost insensible gradations ; indeed,

not seldom, the "foliated" structure is more conspicuous macro-

scopically than microscopically. The great mass, however, of the

rocks ordinarily designated "foliated," the normal gneisses and

schists, exhibit structures which are not less, perhaps more, con-

spicuous when seen under the microscope than they are in the field,

and to these rocks a sedimentary origin of some kind has been

generally assigned. Putting by for the present the question of their

genesis, I wish at this stage to distinguish clearly between two
kinds of foliation which I have observed, in order that, for the sake

of brevity and perspicuity, I may use distinctive terms in my future

remarks. In many cases we find rocks of very difierent mineral

character, for example, quartzites and mica-schists, alternating one

with another so as to make it in the highest degree probable that

they are stratified rocks—indeed, it seems in many cases almost

certain that they were once beds of sand, silt, mud, &c., which have
subsequently undergone mineral rearrangement. Now in many of

these we find that there is a very definite orientation of certain of

the mineral constituents ; the mica-flakes, for example, in one of these

micaceous schists, lie roughly parallel one with another, and with

the apparent bedding-planes of the masses. Further, in a number
of other rocks of more uncertain origin, as, for example, some of the
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older crystalline gneisses, we find a general orientation of the mineral

constituents, and a certain striping or banding of the rock, produced

by an excess of one or more of these over a zone ranging from a

fraction of an inch to at least several feet, which suggests original

differences of constituents due to bedding; this structure is sometimes

seen to be parallel to highly quartzose, micaceous, or calcareous layers,

which are most difficult to explain on any other theory than that of

stratification *. In such cases the rock usually is not markedly
fissile in the direction of these planes of mineral differences. I

shall call this kind of foliation, as it has been already named,
stratification-foliation, as being in some cases almost certainly, in

others probably, associated with stratification. There is, however,

another kind of foliation, often more conspicuous in the field, which
has in all cases been produced subsequently to the consolidation of

the rock, and as the result of pressure, generally lateral ; to this I

shall give the name of cleavage-foliation, a term which has been
already used by my predecessor, Dr. Sorby, though perhaps in a

rather different sense. I can define it best by describing the mode
in which it is produced. When fragmental rocks, such as sandstones

or shales, are subjected to great pressure, their constituents are to a

certain extent rearranged and flattened out until the mass assumes

the structure called " cleavage "f. In like way, as I shall presently

explain, crystalline rocks—whether granites, dolerites, felsites, rhy-

olites—in short igneous of any kind—or whether gneisses, schists,

&c., that is, such as usually are called metamorphic—when exposed

to like pressure, also assume a cleavage-structure. Modifications of

this structure I shall presently describe in more detail ; at present it

will suffice to say that, according to the nature of the rock, it is pre-

ceded in some cases by a great crushing of the crystalline constituents,

in others by fiexure terminating in rupture along planes approxi-

mately parallel. It results from this that we can have not only

cleaved granites, felsites, pitchstones, &c., but also cleaved gneisses,

schists, &c., i. e. that crystalline rocks may undergo a cleavage

equally with clastic rocks. Now, in the case of clastic rocks, we
occasionally see that in addition to the mechanical modification

resulting from pressure, there has been a slight amount of chemical

change, evidenced usually by the development of very minute
films of micaceous and chloritic minerals, especially along the sur-

faces of imperfect cohesion. The presence of these filmy minerals

gives to the slate a peculiar sheen, a sort of silky or satiny look,

which differences it from the ordinary slates, though it obviously is

much more nearly allied to them than to any of the true schists.

To these belong many of the phyllites, a term at jpresent vague, but

which I should like to see restricted to such rocks. The (presumed)

Cambrian slates of the Devillien and Eevinien series on the Upper

^ The word is understood to be inclusive of chemical precipitates.

t For a very able and interesting discussion of the precise nature of this

change, I refer to the paper on cleavage read before the British Association at

Aberdeen by Mr. H. Harker, F.Gr.S., and printed in extenso in the volume for

1885.
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Meuse are typical examples of the rock of which I speak. But in

the case of rocks originally crystalline, ^vhether igneous or so-called

metamorphic, this superinduced formation of minerals appears to

take place more readily, because the original constituents of the

rock are favourable to it ; certain hydrous micas forming readily from

felspar, hornblende from augite, serpentine from olivine, chloritic

minerals from black micas, or in some cases from augite or horn-

blende, &c. In consequence of this a very conspicuous cleavage-

foliation may be produced in a crystalline rock which may or may not

have exhibited stratification-foliation. In this case, however, the

individual minerals are, as a rule, rather minute, e. g. the cleavage-

surface produced in a granite or gneiss becomes coated with a film

of minute flakes of silvery or greyish micas, such as sericite,

damourite, paragonite ; the exact species being often hard to de-

termine, and of course not always the same. The rock is more or

less fissile, often markedly so, parallel with this surface of foliation,

and the new mineraV structure is often far the most conspicuous to

the unaided eye. Yet after all it is frequently very superficial. We
may take a slab of rock which appears to be a typical grey mica-

schist, but examination of a transverse section proves it to be a true

gneissic or granitic rock, cleaved first and then " varnished " by this

new mineral deposit. It is this secondary foliation which I propose

to call " cleavage-foliation," and to refer to its surface, often one ofthe

most conspicuous in a mountain-district, as the " sheen-surface," to

distinguish it from an ordinary cleavage-surface on which there has

been no notable amount of mineral rearrangement. The efi'ect of this

foliation will, of course, vary with the amount of pressure, the con-

stituents of the rock, and a number of other circumstances. It may
impress a distinct foliated structure on a rock hitherto not foliated, or

it may coexist with an older foliation ; it may cut through the latter

at various angles, or it may, if I be permitted the phrase, intensify it

;

in a word, it will exhibit the same relation to the original structure

of crystalline rocks that cleavage does to stratification (see p. 97).

Moreover we remark among the crystalline rocks another result

of pressure analogous to that which it produces in sedimentary

rocks. In the latter, divisional planes are often noticed, parallel

with the cleavage-planes, but of less cohesion, so that the mass
assumes a deceptive appearance of bedding. The former also often

exhibit what seem to be indubitable indications of bedding, parallel

with the cleavage-foliation ; but these, on examination, will prove

to be quite deceptive. It would be convenient to have a term for this

structure : as " false-bedding " is already appropriated, I fear I must
take refuge in Greek, and would suggest pseudostroraatism. Moreover,

as crystalline masses, whether from slight difference in coarseness

or constitution, or from the existence of joints, are of unequal

strength, we find that not seldom the results of pressure arc more
marked in some parts of the mass than in others ; so that beds

of mica-schist, apparently interstratified, are locally developed by
crushing in a granitoid gneiss ; zones also of fine-grained rock with a
" slabby " bedding occur, which, at first sight, would be unhesi-
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tatingly referred to original stratification, but which can be shown
to be only a form of pseudostromatism, the results of a crushing

in situ of zones of the original coarse-grained rock.

With these prefatory remarks, I proceed to sketch out, as briefly as

possible, the results of my examination of certain districts in which
metamorphic rocks are largely developed. I will commence with the

Central Alps, where, as we shall see, we find excellent illustrations

of all the structures noted in these preliminary remarks.

Tlie Alps.

The crystalline massif of the Oberland Alps is orographically

limited on the southern side by the uppermost parts of the valleys

of the Rhine and the Ehone together with the headwaters of the

Reuss. On the northern side it is bounded geologically, but not

orographically, by Mesozoic strata, with which it is marvellously

interfolded, and over which in the middle part its peaks seem to

rise almost like breaking waves of the sea. Here the watershed is

quite at the northern side of the massif. At the eastern and
western ends the crystalline rocks, which, in the central parts,

constitute summits varying from at least twelve to more than four-

teen thousand feet above the sea, gradually decline until they are lost

to view beneath masses of Mesozoic rock, disappearing at elevations

not exceeding about eight thousand feet above the sea, and often less

than half that height, especially at the eastern end. Towards that

end the deep gash occupied by the Reuss affords admirable sections.

The dominant rock, lithologically speaking, is gneiss. Commencing
at the part where the scalpel of nature appears to have made the

deepest cut into the anatomy of the mountain mass, namely, in the

valley of the Eeuss about Wasen, we find the rock for a considerable

distance to be a granitoid gneiss, sometimes granular, sometimes

very distinctly porphyritic, the felspar crystals being occasionally as

much as an inch long. Foliation is generally but slightly marked,

being only indicated by wavy micaceous lines ; its strike is about

W.S.W.-E.N .E. ; its dip very high, but on the whole inclining

towards the southern side ; occasionally flaggy or schistose and

more micaceous bands occur with the dominant strike and dip ; but

the more these are examined, the more doubtful it becomes

whether they are anything but cases of pseudostromatism. As we
ascend the valley to the mouth of the tunnel at Goschenen and so

onwards to the Devil's Bridge and the Urner Loch, the gneissoid

aspect becomes very slightly more pronounced; that is, the rock

would be readily recognized as a gneiss, though not one of the

banded varieties, while below we should sometimes be puzzled to

difl'erentiate a hand-specimen from a granite. Micaceous bands,

also, of a schistose or a slabby rock, simulating bedding, are perhaps

more frequent ; untiljust beyond the Urner Loch, an abrupt change,

presently to be noticed, coincides with the expansion of the valley

into the open basin which forms a part of the limiting trough already

mentioned.

Returning to our former position and descending to Amsteg, we
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find the rocks distinctly assume a more bedded aspect; compact

glistening schists, for instance, occurring near that village ; but even

these, in their present condition, cannot be regarded as indications of

true bedding. Everywhere in this district, except perchance where

there appears some slight local disturbance, the foliation and the

apparent bedding have a strike roughly AV.S.W.-E.IST.E., or a few

degrees further from theE.-W. line, that is, one corresponding with

the general strike of the elongated area of the massif itself. It

would thus follow that the rocks exposed in the eastern part of the

northern face of the massif would probably be among the highest in

succession, assuming the coarsely crystalline nucleus to be the

oldest ; and the less disturbed district, in the lower part of the Gad-

menthal, may, I think, be taken as a suitable place for examination.

Here we find the crystalline massif emerging from beneath great

beds of Mesozoic rock, which crest the right bank of the Gadmer
Aa, and occur occasionally in outliers on its left bank. I have

examined in passing the crystalline series from Im Hof to the

Susten Pass. Everywhere they have a more definitely foliated

character than in the district last described. At Im Hof, just

beneath the newer series, we find a rather granitoid rock ; pro-

ceeding then to Muhlestalden, the rock for a time retains generally

the same aspect, then becomes more fine-grained and rather more
schistose. Near the village we find intercalated in the gneiss a

band of white crystalline limestone. It is about four yards thick,

dipping roughly at about 50° a little S. of S.S.E. The transition

from the gneiss is rapid, occupying, so far as I could see, about 3 or

4 inches ; but this was, unfortunately, the most perishable part of the

rock. A slight fissility in the marble corresponds with the foliation

in the gneiss, and both with the bedding indicated by the former.

I do not think it possible that this limestone could be the result of

infiltration. As we ascend from this point towards the basin occupied

by the glaciers of the Stein Alp we pass over gneisses generally similar

to the last described. jN'ow and then these become rather distinctly

foliated, and occasionally exhibit an apparent stratification, indicated,

for example, by a rather rapid change from a band at least several

feet thick, where a dark mica is deficient, to one where it is rather

abundant. Again, cases may be noted where the layers of mica
have distinctly undergone crashing and corrugation since their

formation ; and I observed that, on the whole, the rock was less

fissile in the direction of a micaceous layer than is often the case

among crystalline rocks. As we descend from the summit of the

pass towards Wasen we notice similar rocks ; but in the neighbour-

hood of that village (after a very considerable interval in which
little or no rock is exposed in the bed of the glen), we come upon
the granitoid rock, already mentioned as bordering the Eeuss.

The evidence of the Haslithal and of the glens occupied by the

two glaciers of the Aletsch (though I do not pretend to have
minutely explored the latter, and it is many years since I walked
through the former) indicates that rocks similar to those described

in the valley of the Eeuss extend far away in a AV.S.W. direction.
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In many places we find, as above, intercalated in the more granitoid

masses, bands of mica-schist or of a slabby fine-grained gneissic

rock, which might readily be taken for proofs of bedding, but which,

on examination, prove, at any rate in many cases, only instances of

pseudostromatism ; while, as we approach the southern part of the

chain, e. g. in the neighbourhood of the Eggischhorn and Sparren-

horn, and on their southern slopes, the rocks are generally more
distinctly foliated, and clearer indications of bedding are given by
definite changes in mineral structure. At the extreme western end
of the massifs on the way from Kix3pel to the Lotschen Pass, we
come upon sundry chloritic schists, which, I think, must indicate

some sort of stratification in the materials of which this central

massif is composed. These are referred by the Swiss geologists to

a newer series. If we examine the Maderanerthal, which occupies

a position in regard to the Mesozoic rocks similar to that of the

Gadmenthal, and at the head of which we have almost our last view

towards the east of the crystalline series, we find at first a rather

flintj^ schistose rock, which, however (like that already mentioned

near Amsteg), cannot be relied upon as a proof of bedding, as the

rock is endently greatly crushed, and the conspicuous structure is

due to sheen surfaces*. In the upper part of the glen we find

moderately fine-grained gneissic rocks, and almost at the foot of the

Hlifi glacier, very near to the base of the overlying Mesozoic rocks,

we have a most interesting series. Space forbids my entering into

details, so that I must ask to be allowed to quote the conclusions at

which I arrived after very careful work on the spot, corroborated by
subsequent mici'oscox^ic study :

—

(1) We have here two varieties of rock, both igneous in origin

:

one not unlike the so-called Dimetian of Pembrokeshire, almost a

binary compound ; the other containing, in addition to quartz and

felspar, a fair amount of hornblende. The relations of these are not

now clear ; sometimes the former suggests intrusion into the latter
;

sometimes they seem to graduate rapidly one into the other.

(2) Both contain fragments of a highly crystalline hornblende-

schist, often exhibiting a marked mineral banding like some of those

at the Lizard, Cornwall. The metamorphism of this rock was
evidently accomplished when the dislocation took place, as the

fragments lie about in the enclosing rocks in difi'erent direc-

tions. (A similar hornblende-schist occurs in situ at no great

distance.)

(3) In close relation to the two igneous rocks is a considerable

amount of a gneissose rock. The evidence as to the relation of the

latter to the former is not absolutely conclusive ; but we have either

a case of igneous rocks intruded into metamorphic rocks of very

similar composition, or the foliation (which has generally a S.W.-

* In the newly published map of the Swiss Geological Survey, I find that

the rocks of the Maderanerthal and of the Eeuss valley, up to near Grurtnellen,

are regarded as an infold of an upper series (Casanna Schists). This may be

quite right, but I did not see any evidence which placed the question beyond a

doubt.
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iSr.E. strike) is the result of crushing, subsequent to which there have

been local disturbances.

It cannot, I think, be doubted that the above group of rocks

passes under the Mesozoic series ; and no member of the latter

indicates any approach to a foliated structure, though a rude cleavage

is often conspicuous.

On the south side of the Maderanerthal, mounting to the Brunni

Pass, we found gneisses, which were sometimes moderately schis-

tose, at others almost as granitoid as those near Wasen, on the

St. Gothard. About 1800 feet above the Maderanerthal hotel was
a gneissose rock, which, however, contained abundant well-defined

felspar-crystals about 1 inch long, and included fragments of a dark

(probably hornblendic) rock. Bands occur of a rock resembling

felstone or porphyroid, probably squeezed dykes, and some more
distinctly schistose, which, however, may very well be of a like

origin. In fact I saw nothing, from the opening of the upland glen

leading to the Brunni Pass to beyond the summit, which I could

regard as indubitable proof of stratification, though there were occa-

sionally very slabby or schistose bands, as, for instance, at the

summit of the Pass ; these, however, on closer examination, appeared

to be merely crushed-up gneiss, and the surface of conspicuous

foliation is only a " sheen " surface. They all show very nearly the

same strike, viz. between W.S.W. and S.W., and I may make the

same remark of all the rocks which we saw on our descent until

within a short distance of Dissentis.

It results, then, that while along the western end and a part of the

northern and southern fringe of this huge ellipsoid of crystalline

rock there are appearances which are difficult to explain, except

upon the theory of some kind of precipitation or stratification of the

original constituents, there are none over the inner and greater

portion which we can safely trust ; but the schistose and gneissose

structure, with its uniform strike and high dip, is almost certainly

the result of pressure, and thus is an instance of cleavage-

foliation.

I turn now to the great trough which bounds this orographic

system on the south. Almost immediately on entering the open basin

of the Urnerboden, we find a quartzo-micaceous limestone, highly

crystalline, intercalated among fissile mica-schists, which are fol-

lowed by a great series of schists—micaceous, chloritic, &c. These

have evidently been modified by the action of pressure, sometimes to

an extraordinary degree, subsequent to their becoming true schists

;

they are in places almost as fissile as slates, and the predominance of
" sheen surfaces " has obliterated earlier structures, nevertheless we
observe in the outcrops and sections such marked mineral differences

among diff'erent masses, that it is impossible to avoid attributing

them to original differences in the materials of which they are com-
posed. This series is referred by the Swiss geologists to the

Casanna schists—a series which, whatever may be its precise defi-

nition or geological equivalence, is universally regarded as decidedly

more modern than the central gneiss. It can be traced for many
VOL. XLl I. Cf
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miles, on the one side over the Ober-Alp Pass down the valley of the

Upper E-hiue, on the other over the depression of the Eurka Pass

down the Upper Rhonethal to within a very few miles of Brieg*.

Infolded with this, upon the western side of the Ober-Alp Pass, is a

mass of Jurassic rock, which may be traced from the lower slopes

of this pass along the upper valley of the Heuss over the Furka Pass

as far as Obergestellen. This series, where I have examined it, con-

sists of a black limestone, often slightly cleaved, which, lithologically,

is not unlike some of the darker varieties of British Carboniferous

Limestone, and of a satiny black slate. According to the Swiss Geolo-

gical Map, it is, in one place, associated with the cream-coloured

calcareous rock named raucliwaclce or rauliivacke. The schists of the

supposed Casanna group, notwithstanding the crushing which they

have undergone, are readily distinguishable from the most slaty mem-
bers of the Jurassic series, so that they are evidently separated from
the latter by a vast interval of time.

Bounding, on the southern side, the troughed series of schists men-
tioned above, rises another mass of crystalline rock, orographically of

even greater importauce than the last, for it is the watershed of this

portion of Europe. The St. Gothard Pass affords one of the shortest

and simplest sections of the central part, and its tunnel has given-

a section yet more complete, which is nowhere quite so much as

two miles away from the course of the high road. The Lukmanier
on the east, the Gries and Simplon on the west, besides other less

familiar passes, afford excellent opportunities for parallel and compa-
rative sections. The northern slopes of the St. Gothard, from a

short distance above Hospenlhal, where the supposed Casanna group

ends, give us a series of mica-schists and micaceous gneisses

which, as we ascend, become rather less distinctively micaceous.

These rocks, which may be taken as beginning at about 900 feet

above Andermatt, and extending to a little below the highest part

of the pass (about 2200 feet above Hospenthal), afford us numerous
most interesting associations of very micaceous schists with gneiss

(sometimes very porphyritic, the crystals of felspar being occasional^

well defined and quite two inches in length). At present I will say

no more than that we are compelled to adopt one of the following

explanations :—either we have here the result of the metamorphism
of successive beds of different, materials—in which case foliation

corresponds with stratification—or a granite has been intruded, often

rather uniformly, into a mica-schist (which, whatever may have

been its origin, was at that time a mica-schist), and both have been

subsequently modified by pressure. The strike of the apparent

bedding and foliation is roughly S.W.-N.E., the dip very high,

usually inclining somewhat on the S.E. side. The plateau forming

the uppermost part of the pass is occupied by the peculiar porphyritic

granitoid rock to which the Swiss geologists have given the name

* Of rocks so crushed I speak with much hesitation and deference, but I have
sometimes doubted if these may not be newer than the Casanna series, and,

at any rate in part, represent the still higher schists of which 1 shall presently
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of Pibbia gneiss. ' They hesitate whether to pronounce it a granite

or a gneiss. It exhibits a slight foliation, which has the usual

general south-westerly strike ; the larger crystals of felspar, com-
monly both in hand-specimens and under the microscope, do not

show that definiteness of outline which is characteristic of normal
granites, and the ground-mass also differs in similar respects. At
the same time we occasionally find places where the rock has the

aspect of a normal granite ; moreover, on examining in the British

Museum the collection of the rocks pierced by the tunnel, I have
been unable to identify this Fibbia gneiss. Yet, on the St. Gothard
Pass, it occupies a belt about 2000 yards wide, measured across the

supposed strike, and the line of the tunnel is not more than a couple

of miles distant. Hence I am now inclined to regard this " Fibbia

gneiss " or " Gothard granite " as a true intrusive granite which has

been subsequently modified by pressure. It differs, I may observe, in

many marked respects from the more porphyritic varieties of the

granitoid gneiss already described iu the glen of the Heuss, and has

points in common with sundry masses in the more southern part

of the Alps which are generally admitted to be intrusive. In
descending from the pass on the southern side, we pass over, first, a

narrow zone of rather granitoid gneiss, the relations of which to

the first-named I have never succeeded iu satisfactorily deter-

mining*, and then, at a height of perhaps 1500 feet above Airolo, we
find some remarkably well-banded gueiss of rather finely crystalline

texture, dipping at a high angle to the jST.W., and so retaining the

old strike. In one set of bands quartz and felspar predominate, in

the other mica, chiefly biotite ; these bands not seldom exceed an
inch in thickness, and I cannot account for them on any other theory

than that of some kind of stratification. I may, however, add that

the rock had a very compressed look, and recalled to my mind certain

sediments (like some at Torcross) which have been exposed to great

pressure in a direction at right angles to the bedding. Below this,

at no great distance, a series of well-marked schists sets in, and
extends down the slopes to a little above Airolo. They are chiefly

mica-schists and, as a rule, are distingushed by the conspicuous

presence (though in minute individual scales) of a white mica
(paragonite), which gives a peculiarly silvery and silky aspect to the

apparent surfaces of foliation. These mica-schists exhibit much
variation, they are frequently rich in garnet (the crystals being some-

times nearly an inch in diameter), and not rarely actinolitic (the

crystals being occasionally two or three inches long) ; occasionally

also the schists are chloritic, and assume a pale dull green tint ; now
and then we find a band of massive dark hornblende-schist.

Without relying upon the presence of the last, and making every

allowance for the effects of subsequent pressure (which have doubt-

less been very considerable), I cannot explain the association of the

different members of these schists, often very well-marked bands,

except by original differences of mineral composition, i. e. b}' some

* At my last visit the sections in tins part were much obscured by the un-
usual amount of snow.
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kind of stratification*. At Airolo we find a yellowish dolomitic

rock which I regard as an infolded mass of mnch more recent

date.

I proceed next to the section given by the northern part of the

Lukmanier pass. On commencing the ascent from Dissentis, we
find a group of mica-schists, the continuation of the trough of the

Casanna schists already mentioned, which have obviously been ex-

posed to tremendous crushing, so that the dominant structure is a

cleavage-foliation which has a general W.S.W.-E.N.E. strike, and
is nearly vertical. Its surfaces are coated with a silvery mica, and
the rock breaks into flakes thin as millboard, being so friable that

specimens of any size are hard to obtain. As we pass through the

numerous tunnels in the glen of the Medelser Rhein we note occa-

sional mineral differences, such as bands of greener schist, one being

a well-marked talcose schist about a yard thick, and some of a

whiter and more quartzose schist, which has to some extent re-

sisted the crushing. As we ascend, the effects of this become less

marked, and some indications ai^e found of an earlier stratifi-

cation-foliation, which is parallel with the apparent bedding, and is

here and there to be distinguished from the dominant cleavage-

foliation. Before finally quitting this series of more or less cleaved

schists, we pass two masses of augen-gneiss, the second containing

crystals of felspar of definite but rather rounded outline, which are

sometimes quite three inches long, and lie in different directions in a

rather fissile foliated ground- mass. I feel certain that both these

rocks are really granite, intruded prior to the great compression

which has affected the whole range. Near Casalia we have another

augen- gneiss and an infold of rauchwacke, evidently a rock of much
later datef. We now pass a group of rocks lithologically gneisses,

sometimes porphyritic, sometimes very fissile from crushing, until,

about a mile below S. Gion, we reach a mass of granitoid gneiss,

somewhat resembling the Pibbia gneiss of the St. Gothard. Here,

however, there is abundant evidence that the rock is a true granite,

intrusive into an ordinary moderately fine-grained gneiss, and that

both rocks exhibit a cleavage-foliation resulting from subsequent

pressure. This granite, so far as I know, continues till we approach

Santa Maria (nearly at the summit of the pass). Generally it is

fairly massive, but occasionally it becomes rather fissile. Then
occurs one of those singular complexes which, if judged by the

ordinary laws of stratigraphical sequence, would lead us to the most
extraordinary theoretical results. According to the map and sec-

tions of the Swiss surveyors, which I have to a great extent verified

on the ground, the granite is succeeded by gneiss, and this by quart-

zose mica-schists or micaceous quartz-schists. Then comes a slate,

assigned to the Lias, then a black mica-schist with melanite garnet,

then " rauchwacke," then another band of the last-named schist,

^ I shall hereafter refer to these as the Tremola schists.

t This, on the opposite bank of the valley, is associated with a very fissile

"schist," referred by the Swiss geologists to the schistes ^Msz'rees, which I was not

able to examine. The new map, however, refers it to the Carboniferous series.
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then Lias slate, followed by raucliwacke, and then by gneiss. The
melanite schist, as I shall presently show, is undoubtedly much less

ancient than the gneiss ; the position of the rauchwacke is uncertain,

but I consider it, not as associated with the melanite schist, but as of

much later, probably of Mesozoic age. It is obvious that in any
case we have here a region folded and possibly faulted in the most
extraordinary way.

The rauchwacke occupies much of the open basin which forms

the upper part of the Lukmauier pass. Fiom. this the road descends

to Olivone, along a valley roughly running E.S.E. ; but in order to

ascertain the relation of the rocks on the southern slope of the

watershed, it will be better to turn aside in a Yv^'.S.W. direction and
examine the ground between Santa Maria and the Yal Bedretto.

From Airolo, at the foot of the descent from the St. Gothard, to the

top of the Lukmauier pass, as may be seen on the Swiss geological

map, a zone extends, occupied by a variety of schists of a well-

marked mineral character, together with some rauchwacke. These

rocks cross the lower part of the noted Yal Canaria, form the right

bank of the Lago de Ritom, and then running almost due east

crop out along the upper slopes on the southern side of the Luk-
mauier Pass. Prom Airolo to a spot about 3| miles E. of Lake
Ritom (a distance of some eight miles in all) this trough is

bounded on its northern face by mica-schists, among which the

peculiar actinohtic and garnet-bearing schists (Tremola schists)*

already mentioned are predominant. A gneiss, which hitherto has

formed the northern boundary of the latter schists, then sets in.

The southern boundary of the trough (which is mapped as a kind

of peninsula from a much larger mass occupying the mountain
region on the south side of the Yal Bedretto) is formed by gneisses,

which, like the above mentioned, are commonly rather micaceous

;

in these also I have seen (though rarely) calcareous bands. The
gneiss on the northern side of the trough, speaking inclusively, is

an extension of that dominant on the northern slope of the St.

Gothard ; that on the southern side may also be fairly regarded as

an extension of the same rock. I account for the absence of the

Tremola schists by faulting, probably upthrust. This idea, the

structure of the gneiss itself, indicating great compression at a high

angle with the apparent bedding, fully confirms.

Neglecting the rauchwacke, which I regard as a rock of com-

paratively late date, I turn to the schists which occupy a part of

the above-named trough in the Yal Piora, and occur to the south

of the Tremola schists. The highest (not in geographical position)

is a series of black mica-schists with melanite, interstratified with

a light brown felspathic quartzite. Beneath this comes a zone c

rather silvery mica-schist, with beautifully developed staurolite

crystals, ovedying a thick bed of quartzite. These appear to be

followed by a series of variable schists, some quartzose, some cal-

careous, all containing more or less of a silver}' mica, probably

* These schists can be traced some few miles at least further west, up the

Val Bedretto. The Swiss map gives them a total extension of about 13 miles.
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paragonite. The mineral changes among these schists are often so

marked that, though I do not assert the apparent bedding to be

the true bedding, I am compelled to regard the mass as stratified.

In any case it is impossible to explain the succession of the stauro-

lite schist and the underlying quartzite, both thick masses as

clearly defined as any beds of clay and sandstone could be, on any
other hypothesis than that of an originaFstratification. In the next

series also the evidence is no less strong. Here we have a well-

banded series, of considerable thickness, in which the quartzite

and the black schist alternate again and again. Now we find a

thick band of schist ; now one of comparatively pure quartzite ; now
the two are interstratified in layers varying from two or three

inches downwards, the black schist often retaining its garnets, and
occurring sometimes in continuous bands merely a small fraction of

an inch in thickness. In short, whatever association we are accus-

tomed to see in a dark shale, and a coarser, more quartzose silt, we
can observe it here. Commonly the direction of foliation in the

schist agrees with the bedding, and the whole mass seems to have

been subsequently compressed in a direction perpendicular to the

planes of stratification ; but now and then the rock exhibits won-
derful corrugations, apparently subsequent in date to the minerali-

zation (or metamorphism) of the whole mass.

This peculiar melanite schist* is a member, probably one of the

lower members, of a great group of metamorphic rocks which have

a remarkable extension and development in the Alps. They exhibit,

at any rate in this district, characteristics which can be distin-

guished, even at a distance ; the chief being the dark but rather

ruddy brownish colour which they assume in weathering, and their

conspicuously stratified aspect. The latter is so marked that at a

distance it is not easy to distinguish them from members of the

Mesozoic series. JSfot seldom I have felt doubtful as to their true

nature until I had actually taken a specimen in my hand. It then

becomes obvious that they are thoroughly crystaUine f.

Now this peculiar melanite schist, as I have said, occurs near the

summit of the Lukmanier Pass ; we find it again in great torce (after

getting clear of the ranchwacke) on the upper part of the descent

towards Olivone ; and I have picked it up on the summit of the

Gries Pass. I believe it has a yet wider extension, but I confine

myself to instances where I have myself collected specimens, the

localities of which I can only distinguish by the labels. The first

* Mr. Rideal, Demonstrator of Chemistry in UniTersity College, has kindly

ascertained for me that the principal coloiiring-raatter of this dark schist is

graphite. Iron-oxide and a trace of manganese are also present.

t Their effect on the landscape can be nowhere better appreciated than in

the noted view from the Bell Alp Hotel. There we see them clearly in the

part of the Pennine chain which bounds the valley of the Khone, forming its

upper peaks on the eastern side, where they occasionally attain an elevation of

from 9000 to 10,000 feet above the sea, and they then come sweeping down
towards the valley, until, about the foot of the Simplon and the mouth of the

Vispthal, they form the subordinate outer peaks and the lower slopes of the

range.
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two of these localities are more than three miles apart in a straight

line : from Santa Maria to the exposures between the Lago de

Ritom and the Lago de Cadogna is quite five miles ; and from the

former lake to the Gries Pass is about fifteen miles—that is to say,

this peculiar rock abounds, to my knowledge, at three localities in

the line of the general strike of the district, the extremes of which
are more than twenty miles apart, and at two localities, the com-
ponent of whose distance, measured across the strike, is full two
miles, if not more. But this is not all. In descending the Luk-
manier Pass towards Olivone we again meet with this peculiar

melanite schist, overlying various mica-schists, some garnet-bearing,

some containing staurolite or kyanite, together with quartz- schists

and quartzites, the group recalling in several respects the one

already noted as occurring on the right bank of Lake Eitom. As in

that neighbourhood, so here, the mode in which these rocks, so dif-

ferent in mineral character, are interstratified and associated, both on
a large scale and on a small, seems to me inexplicable, unless it be

the result of stratification. They exhibit stratification-foliation, and

have obviously been subsequently subjected to great pressure. This,

in some cases, has flattened out the foliated bands, as if (to use a

very homely simile) a rolling-pin had been passed over layers of

tough paste alternating with "jam;" in others has forced them
into crumples and zigzags of every possible kind, and has often

developed a secondary cleavage-foliation, this last being quite in-

dependent of the first one (figs. 1, 2, p. 97). The evidence in favour

of these conclusions is, to my mind, overwhelming. Excellent

sections are exposed again and again by the roadside for a distance

of perhaps a couple of leagues.

Gneiss resembling that described above reappears on the right

bank of the Yal Campra, and is traversed by the long sweeps of the

new diligence-road leading to Olivone. In the Yal Grigna, how-
ever, which descends from the north to join the Yal Campra at this

town, and initiate the Yal Blegno, we again come upon the great

series of brown-banded schists, though here the melanite schist does

not appear to be well developed. But the lower part of the Yal
Grigna, a narrow picturesque glen, cuts through a huge mass of a

quartzose rock, sometimes calcareous, interlaminated and inter-

banded with mica-schist, generally rather dark, often exhibiting

a very distinct secondary or cleavage-foliation, as well as one cor-

responding with the bedding. Of one westerly extension of this

mass I have already spoken, but I may add that in the neighbour-

hood of and below the village of Binn in the Binnenthal, where it

is admirably exposed, it still preserves its main characteristics. A
little above the latter village, apparently low down in the series, is

a thick band of white crystalline dolomitic limestone. Further, in

the cliff's of the Hohsandhorn, to the north of a glacier pass leading,

by the north side of the Ofenhorn, from the Tosa Palls to Binn, we
see the following section :—(1) a strong gneiss, rather markedly
banded *, (2) a zone of the dark-bedded schists, (3) the crystalline

* This I examined at the top of the pass.
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limestone, (4) a second mass of the dark-banded schists. We have

here a section of a slightly curved synclinal trough of the bedded
schists (2, 3, 4), and foliation appears to agree with bedding, as it

certainly does when this series comes down to the valley, dropping

more than 3000 feet vertically in rather less than eight miles. I

call especial attention to this section, because it can only be ex-

plained either as a case of very peculiar overthrust faulting or of

unconformity. The characteristics of the gneiss would lead me to

refer it as a whole to a lower position than those of the St. Gothard

and the Lukmanier, and this reference is supported by my exami-

nation of the Simplon Pass further to the east. Hence at this

place the Tremola schists (and probably the underlying Gothard

or Lepontine gneisses) are wanting.

Turning back to Olivone, we find, as I have said, gneiss rising

from beneath the bedded dark schists on the right bank of the Val

Campra. This rock crosses the Val Blegno below Olivone. It

bears a general resemblance to, and is mapped as continuous with,

the Lepontine gneiss described as extending from the lower end of

Lake Ritom towards the Yal Bedretto. In places it appears to have

been subjected to great pressure, which often, but by no means
always, has acted at right angles to the original foliation.

Gneiss of this character continues down the Yal Blegno (which

is now running almost south), but near Aquila is another infolded

trough of the brown-bedded schists. Lower down comes moderately

fine-grained gneiss, with a fair amount of dark mica, lithologically

not materially different from the last described. A little above

Ludiano a coarse porphjritic gneiss sets in, the felspar crystals

being often from one to two inches long. ISTotwithstanding the rather

rounded outline of these, and the fact that the rock is fissile enough
to be used for posts to support the vine-trellises*, careful exami-
nation has led me to the conclusion that it is only a porphyritio

granite to which a foliated structure has been imparted by subse-

quent crushing. Alternations of this with a finer gneiss continue

for some distance. Then a gneiss more resembling the former type

sets in, continuing to Biasca. Here the rock varies from fairly

coarse to moderately fine
;

planes which suggest crushing being

universal, and dipping at about 30° to E.N.E.
Erom Biasca to Bellinzona the rock, as a whole, exhibits so little

variation that I did not think it necessary to make a close exami-

nation, and thus confine myself to saying that a gneiss which at

first closely resembles that of Biasca, extends far down the valley,

but after a time becomes more granitoid, and is quarried for blocks

as well as for slabs. About Misocco a more schistose character is

again evident. After passing Bellinzona towards Lugano there is a

decided change in the character of the rock, and here I began again

a more minute examination. This rock is a dark mica-gneiss. In
the mass it exhibits a gradual mineral change which suggests bed-

ding, but is roughly parallel with a cleavage-foliation. This strikes

* Slabs about 4 inches thick, a foot or so wide, and 6 or 7 feet long, are

readily obtained.
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between W.N.W. and W., dipping at various angles (not high) on

the southern side. To this succeeds a rather less fissile gneiss (which

weathers a lighter colour), the dip here being about oO"^ E.S.E. ; then

comes a coarser and still less micaceous gneiss, which, however, after

a time reverts to much the same type as above. Just above Taverne

the dip is high to the east. From this place to the neighbourhood of

Lugano road-sections are wanting. iS'ear the railway station of that

town highly fissile schists are seen in cuttings. These exhibit a

cleavage-foliation, which makes a high angle with the bedding, the

latter being indicated by a band of quartzose rock about 20 feet thick.

This dips roughly to S. at about '^0°
; the cleavage-foliation dipping

at about 40° between N.N.E. and IS". The " papery " mica-schist

reminded me much of that on the Lukmanier road near Dissentis,

and I find it is referred by the Swiss geologists to the same group,

the Casanna schists. South of Lugano as far as Morcote, similar

but less fissile mica-schists are exposed at intervals by the lake side

beneath the Triassic strata, and are cut by felstones. These also

are referred to the Casanna group, except that at the latter place

they are included in the mica-gneiss, like those above Taverne. In

short, if we omit the brown-bedded scliists and certain considerable

masses, which may be crushed granites, the greater part of the section

from Olivone southwards, till the crystalline rocks are lost beneath

the southern fringe of ITesozoic and later beds, consists of micaceous

gneisses or mica-schists, which I should regard, at any rate in

part, as belonging to the Lepontine group; and this section is

in accordance with what I have observed in other neighbouring

districts.

I have been obliged to describe this traverse of the Alps at what
may seem an unreasonable length, because T cannot otherwise im-

press upon you how strongly the evidence, both in the field and in

my subsequent examination of specimens, is favourable to a definite

succession from the mica-gneiss up to the brown-bedded schists, and

to the existence of an earlier foliation, connected with some kind of

stratification, and of a later cleavage-foliation which is sometimes less,

sometimes more conspicuous, than the other. I shall pass more
rapidly over the evidence aff'orded by the districts further west.

In the sections which I have examined on the Simplon road I agree

with Professor Eenevier in considering the coarse gneiss (called by
him Antigorio gneiss, and exposed in the grand cliff's of the gorge

of Gondo) as the most ancient rock. This is overlain by gneiss and
mica-schists, and in the lower part of the latter group we find the

following succession:—(1) fairly coarse gneiss, (2) crystalline lime-

stone about 4 feet, passing into calc-mica schist, about 2 feet,

followed by dark mica-schist. In (2) are sparse lines of a dark

mica parallel with the apparent stratification, which dips roughly
30^ W.X.W. The southern slopes of the Simplon Pass, and a part

of the descent on the northern side, are formed of bedded gneisses

and mica-schists, probably folded and faulted together in such a way
that it will be no easy task to unravel the true stratigraphy of the

mass. The Swiss geological map places a long axis of gneiss, of
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the second or less granitoid type, as extending from the north flank

of the Ofenhorn to Monte Leone, and my examination of these two
points led me independently to refer the rocks to the same general

series, one to which I should be disposed to assign a rather earlier

date than to the Lepontine gneisses of the St. Gothard and Lnkmanier.
In descending the northern side of the Simplon Pass we traverse the

zone of the brown-bedded schists, while close to the Ehone valley

there is a dark, slaty, and not much-altered rock, associated with
gypsum and dolomite, which is probably a remnant of a trough of

much later rock. Carboniferous or Secondary.

In like manner the Pennine Alps about the head waters of the

Yisp and of other tributaries of the Ehone immediately to the

west, in the main consist of a fundamental mass of coarse gneiss,

but rarely exposed, which passes up into finer-grained gneisses.

To one or the other of these the peculiar AroUa gneiss probably

belongs. These are followed by a great group of mica -schists and
fine-grained gneisses, which now and then recall to mind the Tre-

mola schists, and these, again, are overlain by bedded green and grey

schists—^^chloritic, hornblendic, and micaceous—which are regarded,

I have no doubt rightly, as members of the same 'general group as

the brown-bedded schists already mentioned, that is the schistes

lustrees of many authors. In this district, towards the S. and S.W.,

green schists are much more 'frequent than further east ; but it is

more than probable that some of them are merely crushed igneous

rocks. Others, however, both field evidence and microscopic exami-

nation lead me to consider as originally sedimentary.

Passing up the Dora Ealtea from Ivrea, and neglecting some
rocks obviously of igneous origin, we traverse gneisses which have

a general resemblance to those already described on the southern

flanks of the Lepontine Alps, and then enter micaceous, chloritic,

and other green schists, resembling those of the Zermatt region.

The valley of the Dora Baltea, below Aosta, cuts gradually through

a great zone of these newer schists, and the road to the St. Bernard

does not pass away from it until we are about halfway to St. Eemy.
Hence to the summit of the St. Bernard and thence to the neigh-

bourhood of Liddes our course lies over schists of a stronger cha-

racter. Mica-schist is the dominant rock. This is often silvery,

but sometimes darker greenish varieties are also found, together

with chloritic or actinolitic schists, and fine-grained gneisses. On
the southern side of the pass silvery schists, with garnet and with

andalusite, are not rare. All these are referred by the Swiss geo-

logists to the Casanna group, and they not unfrequently recall to

mind the Tremola schists of the St. Gothard and Yal Piora region.

. On the highest part of the pass there are some " augen-gneisses,"

but these may be only crushed intrusive granite. The rock also on

the northern side has often a more gneissic character than that on

the southern. 'Near Liddes, after passing a trough of Carboniferous

rock (which I have not examined), we come to very characteristic

grey schist belonging to the Upper (scJiistes lustrees) group ; then,

after crossing an infold of slatv Jurassic rock, descend to the Ehone
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valley down a gorge chiefly consisting of a coarse gneiss followed

by strong mica-schist.

The investigations which I have described extend over an area

measuring about 85 miles from W.S.W. to E.jN'.E., and full 50 miles

in a transverse direction. It would be easy for me to quote corro-

borative evidence from other districts in the Alps, but this, I think,

Avill suffice to warrant the following conclusions :

—

(1) The oldest rock visible in the above- described districts of

Alps is a granitoid gneiss, which gives no evidence of bedding or

foliation other than such as may be only the result of subsequent

pressure, and which may itself possibly be a rock of igneous origin.

It does not, however—as do certain other granitoid rocks in the

same region, of a rather different lithological character—exhibit any
indications of intrusion that I have been able to discover, but seems

to pass up into

(2) Finer-grained gneisses, more rapidlj^ varying their character,

themselves occasionally showing a foliation and a mineral banding

which it is difficult to attribute to any subsequent modification, and
apparently interstratified with true mica-schists, and even with
crystalline limestones.

(3) Schists and gneisses, generally rather micaceous, form the next
group. The gneisses, which appear to beloug rather to the lower part,

are commonly somewhat friable; the felspar occurs in small ill-defined

granules, and is of porcelain-white colour ; under the microscope it

is less abundant than we should expect from macroscopic examina-
tion. Hence this rock differs much, both in the field and under the

microscope, from the gneisses of the preceding group. The schists

belong rather to the upper part ; mica is the dominant mineral, and a

white mica is frequent as well as black ; but chloritic and other green

schists occur, while garnet and actinolite are locally abundant, as

are cyanite, staurolite, and andalusite. Possibly some of these last

should rather be included with the next group, namely

(4) Schists of a markedly bedded aspect, sometimes micaceous,

sometimes (though more locally) chloritic, actinolitic, or talcose, inter-

bedded with calc-schists, crystalline limestones, or dolomites (gene-

rally slightly micaceous), quartz-schists, and schistose or impure
quartzites, all having a marked stratified aspect, but distinctly

metamorphic. Thus, as it seems to me, stratification is probable in

(2), and becomes absolutely certain before the end of (3).

(5) Where rocks of different mineral characters suggest by their

association that they were originally stratified, the minor banding of

the constituent minerals and the arrangement of platy or acicular

minerals is generally parallel with the apparent planes of bedding

;

that is, there appears to be a connexion between stratification and
foliation.

(6) While a foliation may be produced by a pressure in a crystal-

line massive rock, or in one previously foliated, this, in the latter

case, though occasionally the dominant, is generally the subordinate,

structure, i.e. the cleavage-foliation does not, as a rule, obliterate

the stratificatio7i-foUation (see figs. 1, 2, p. 97).
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To the age of the metamorphism, and the part to be assigned to

pressure, I shall presently return. I will now only notice one
point in close connexion with the above conclusions, viz. the indi-

cations of unconformity. In a complicated mountain-region such as

the Alps we cannot lay much stress upon local changes of strike.

Indeed, so far as I have observed, the dominant strike often con-

tinues over large areas with remarkable uniformity. Neither must
we rely too much upon the absence of a series of beds, and an appa-

rent break in the order of succession, because, as eyerj one knows,
extraordinary results may be produced by overthrust-faulting in

folding, or by folding of beds previously faulted. At the same time

what I have myself seen leads me to suspect that there is very com-
monly a break between (3) and (4) ; not perhaps universally, for

in the Gothard-Lukmanier region it appears to me difficult to say

where the line between the two is to be drawn ; but I find it very

hard to explain the distribution of (4) in the Central and Western
Pennines, as indicated in the maps of the Swiss surveyors and as

known to myself, unless we suppose that at least (3) is sometimes

even wholly wanting. More than this I will not at present say ;

but it is quite possible that other unconformities may be hereafter

discovered *.

* As there are no names which are yet generally recognized, and the groups
themselves are not, and perhaps never can be, very clearly defined, it may
render the above description more comprehensible if I exhibit in a tabular form
the rocks of this Alpine district in what appears to me their stratigraphical

succession, giving for each one or two of its best-defined types, and compare
this with the arrangements of other authors. It must be remembered that

some groups appear to be rather local, or are missing in certain districts. The
first named is the oldest.

(a) Granitoid gneisses

Ex.
Antigorio gneiss (gorge of Gondo) and

probably central gneisses of Oberland
chain,

(b) Banded gneisses Simplon Pass, S. side, and Monte Leone.

(c) Micaceous gneiss Lepontine gneisses.

{d) Mica-schists (with garnet &c.) Tremola schists.

(e) Schists (variable) Piora schists (below the melanite schist).

r The schists above the melanite schist in

4. (/) Brown-bedded schists -I the Lukmanier region : the Binnen-

[ thai-schists.

Other Classifications :

—

Lory.

n • f Granitoid. 1 -i 7

^^^^^n Laminated. I
=^^"^^-

^j- ( Mica-schists, often
j

i • N garnet-bearing,alter- I =ca,ndd.

[ nating with gneiss. J

rp
1 f Also chloritic and 1 -, ^

^f^; hornblendic, withh^f^y
«^'^^^H gneiss-like rock. J

^P*" '
)"

Grey
[
Also quavtzites 'i =/ (pt. ?)

lustrous < and gypsums, I and later

schists. L &c. J rocks.

VoN Hauer,

Gneisses = a and b.

Greenish schistose rock.

Saccharoidal limestone.

Chloritic and talcose rocks.

Eecent gneiss 1 _ ^
Mica-schist ''

~ ' •

Schists (hornblendic, ] _ ^
calcareous, &c.) _)

~'^*
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Canada.

I proceed next to notice, very briefly, the metamorphic rocks of

Canada. Our fellow-workers on the American continent regard the

Ottawa group as the base of the Laurentian series. Of this I was
not able to examine a typical area, and will therefore merely state

that the specimens which I saw were generally coarse granitoid

gneisses, resembling, in their absence of definite characteristics, some
of the oldest rocks of Britain, and those which appear to be the most
ancient in the Alps. The next group, however, to which in certain

areas the name of the Grenville group has been given, and to which
I believe the majority of the rocks, which I saw in the field, belong,

like the second series of the Alps, presents us with a more definite

foliation and with indications of stratification. The gneisses commonly
vary from moderately coarse-grained to fine-grained ; they are fre-

quently " banded," zones distinctly micaceous (or hornblendic) alter-

nating with those mainly quartzo-felspathic, and varying from mere

Sterry Hu.nt (chiefly after Gastaldi).

Central gneiss =(2 and b.

Pietre verdi.

Newer gneiss and schistic and d.

Upper lustrous schists ==/ (and px'obably more than here described).

It must be remembered that these three groupings extend over a much wider
area than that to which mine applies. Still a general correspondence will be
observed. With one exception, a similar lithological succession may be noted
in all. This is the Pietre verdi group of Himt, or the three groups of Von
Hauer which I hare bracketed as being probably only subordinate members of
one group and so its equivalent. The Fietrc verdi group obviously intervenes
between {b) and (c) of my tabulation. I do not dispute its existence ; but in tlie

district of which I have been speaking, it is often wanting and, if ever present, is

only imperfectly represented. I have examined specimens of it ; but as it is

several years since I visited the i-egions where it is considered to be best de-
veloped, I prefer to limit my arrangement as above. I will, however, remark that
the group, as at present defined, requires much curtailment. We are told

(Hunt, " Geol. History of Serpentines," Trans. R. S. Canada, vol. i. p. 154) that
it received its name from " the frequent pi-esence therein of serpentine, diorite,

diabase, and related rocks of a greenish colour." It is, however, obvious that,

if we use the terms diorite and diabase in their strict sense, and serpentine in
that to which niost petrologists will now agree with me in restricting it, these
rocks, as being of igneous origin, cannot be used in defining a chronological
series unless we can prove that they are contemporaneous with it (a point
with which Dr. Hunt does not seem to concern himself). Seeing, then, that in
all probability many of them (as being coarse-grained rocks) are most probablv
intrusive, the Pietre verdi group may have to be greatly reduced in volume, and
may prove to be one rather of local occurrence than of general significance. I
may add that this is not the only case where the greatest possible confusion is

produced (both in books and maps) by not distinguishing rocks certainly of
igneous from those presumably of sedimentary origin. I am well aware that
in a district like the Alps this cannot always be done ; but in many cases it is

perfectly possible, and to lump together these rocks of dissimilar origin fear-
fully increases the confusion and the difficulties which beset the student. I
could name more than one author on the subject of this address whose writings
I liave occasionally felt inclined to treat as a certain student did his manuscript
of Persius, when he threw it to the other side of his room with the exclamation
" If you do not desire to be understood, you do not deserve to be read."
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lines to layers of considerable thickness. Foliation may be said to

be parallel with the apparent bedding, as the minerals are arranged

with their longer axes roughly in the plane of the bands, but there

is little tendency to split along these. Moreover, the rock in many
places exhibits no indication of subsequent crushing. Here and
there, however, the mineral layers are considerably corrugated. The
following sentence from my Journal sums up the results of a traverse

of many miles :
—" The same sort of gneiss continues,now darker, now

lighter, now coarser, now finer, sometimes almost horizontal, some-

times dipping at high angles." Beds of mica-schist and crystalline

limestone occur occasionally, not to mention hornblendic masses of

more dubious origin. The evidence of a stratified arrangement in the

Grenville group seemed to me very strong in the neighbourhood of

Cote St. Pierre. In that district, one of the localities where the pro-

blematical Eozoon canadense occurs, we have the following succession,

apparently in ascending order :—(1) Highly quartzose gneiss (rather

coarse)— quartzite of SirW. Logan
; (2) Dark mica-hornblende gneiss

;

(3) Crystalline limestone with Eozoon^ containing a thin intercalated

band of gneissose rock, and in one place, probably high up, becoming
rather distinctly micaceous

; (4) well-banded felspathic gneiss. It is

possible that the section may exhibit more variations than this, but I

make a very large allowance for repetition by faulting, and omit one

or two rock-masses of uncertain origin. I rest no argument on the

Eozoon, because this structure is at present too much a matter of dis-

pute among geologists to be available in controversy. I will merely

say that the crystalline limestone in which it occurs appeared to me to

be truly interbedded with the gneiss, and not to be the result of any
kind of infiltration. Yet stronger evidence of stratification may be

found at Papineauville, where, according to the Canadian geologists,

the limestone band of Cote St. Pierre reappears on the other side of

a trough. Here we have the following succession, the beds being

nearly vertical :—(1) Gneiss, medium-grained
; (2) calc-mica-

schist ; (3) black mica-schist
; (4) calc-mica-schists of variable cha-

racter and coarseness
; (5) granite (pegmatite) intrusive

; (6) calc-

mica-schist
; (7) coarse crystalline limestone

; (8) calc-mica-schist

;

(9) quartzose gneiss. Between (1) and (2) there is an interval in

which rock is not exposed, and, between (8) and (9), another in

which there are only occasional outcrops of calc-mica-schist and
crystalline limestone, but the rest are exposed, generally very per-

fectly, in a shallow cutting opposite to the railway station. The
foliation coincides with the apparent bedding, and I could not explain

what I saw by anything but some kind of stratification. Microscopic

examination fully confirms the above conclusions ; moreover, the

slides give no indication of a crush-structure, although we might
under the circumstances have expected it. Prom (2) to (8) is

approximately 70 or 80 yards*.

* My notes are not quite clear. I had to measure hurriedly, but all these

beds are far more thnn mere layers ; for instance, the black mica-schist is

quite 16 paces wide, and on the east side passes rapidly into calc-schist, poor

in mica.
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The Upper Laurentian of Sir W. Logan has often of late years

been distinguished by the name of Norian, I have examined this

in one district only. The gneisses are peculiar, not the least remark-

able being that designated anorthosite-gneiss by Sir W. Logan, which

is largely developed. Besides these, there is the great series of

gabbros, often containing huge compound crystals of labradorite

together with hypersthene. Attempts have been made to claim

these rocks, which have an enormous development nortb of the

St. Lawrence, as of stratified origin ; but for this I can see no valid

reason. These " norites," where I have seen them, are as truly

and characteristically igneous rocks, macroscopically and micro-

scopically, as the gabbros of the CuchuUin Hills in Skye, for which
a similar origin has been asserted. The one hypothesis has proba-

bly no better foundation than the other. Possibly some of the

gneisses may be only crushed and recrystallized igneous rocks : but

before I speak confidently on this, I must study them more thoroughly

than I have yet been able to do. I saw, indeed, a crystalline limestone

which may indicate sedimentation, but of this I speak doubtfully,

as there was no continuous exposure, and the rock was very full of

woUastonite, pyroxene, and garnet. In one place, however, I met
with a well-defined quartzite. Considering that some of the rocks

most conspicuously associated with this series are of igneous origin,

and are possibly not even contemporaneous, that others are dubious,

and that the rest (so far as I have seen them) differ varietally rather

than specifically from those below, I think it unfortunate that a title

founded upon the first-named should have been chosen for the

group ; and I doubt much whether anything has been gained by
departing from the old appellation of Upper Laurentian.

The Huronian series, placed next in order by common agreement,

is one of extreme difficulty. I examined a section of considerable

extent in the field, and many specimens in museums, besides study-

ing a small collection from Georgian Bay, a typical locality of Sir W.
Logan, for which, together with some specimens from the Huronian
of Newfoundland, I have to thank Sir W. Dawson. Before my
visit to Canada, I could never understand what was meant by
the term Huronian ; I cannot say I am much wiser since my re-

turn. I believe, in short, that the name at present includes rocks

in very different stages of mineralization, and belonging to widely

separated epochs. The first rock assigned to Huronian which I

saw (a short distance west of Wahnapitae on the C. P. R.), to quote

the words of my note, " has a rather flaggy bedding, is much jointed,

is rather gritty to the touch, and consists mainly of fine-grained

quartz and felspar, having but little mica, though now and then

thinnish bands of a fissile mica-schist occur." Its structure ar.d

appearance reminded me of the more typical members of the " eastern

gneiss" in Glen Docherty (Scotland). This resemblance is confirmed

by microscopic examination. It is a fine-grained quartzose gneiss,

exhibiting traces of a clastic structure, which, however, is more
probably a record of subsequent crushing (followed by cementation)

than of original constitution.
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This is followed, after an interval, by another rock, in aspect more
like a schistose dark quartzite, but which, under the microscope,

does not materially differ from the last. Nearer Sudbury the rocks

resemble dull-coloured quartzites; they contain many fragments,

subangular in form, often small, but occasionally as much as two
inches in diameter, of a grey granitoid rock. On microscopic exa-

mination the matrix seems rather more altered than its macroscopic

aspect suggests *, and this also is the case with the quartzites and
quartzose fragmented rocks a little beyond Sudbury, amongst
which Dr. Selwyn showed me some extraordinary breccias. The
matrix of these also exhibits, under the microscope, more minera-
lization than I should have expected. Between Sudbury and
Pagamasing I traversed rocks mainly assigned to the Huronianf, but
if I mistake not, the Laurentian series reappears more than once,

and there are occasionally bosses of granite and syenite, probably

of very ancient date, as they show signs of crushing. In the Huro-
nian series, we passed various quartzites, some very conglomeratic.

These, I believe, are considered probably to represent the well-

known Huronian quartzite with pebbles of red jasper (which I did

not see). There appeared to be slaty rocks, but as two, which, in the

field, I thought more probably schistose slates, prove to be fine-

grained hornblende-schists modified by subsequent pressure, I do

not like to speak with certainty. I obtained, however, a specimen of

an indurated volcanic ash and one of a slaty grit, which seems to be
nearly in the same mineral condition as those in the Welsh
Cambrian series. These Huronian rocks, together with the igneous

bosses, appear to have been much more affected by subsequent

pressure than the Laurentians south of Wahnapitae. On the whole,

however, I should say that the Huronian series, in the broad belt

which runs far inland from North Channel, Lake Huron, contains

rocks of more than one age, some of which may prove to be more
closely connected with the Laurentian series ; but others are di-

stinctly later in age, and in some cases, perhaps, like our English

Pebidians, are not very much older than the Cambrian series.

The specimens from the Huronian of Newfoundland are quite of

the last-named type. One, which I have examined, is a green flinty

slate, which might have come from Charnwoood Forest ; another is

an agglomerate, which, both macroscopically and microscopically,

bears a very close resemblance to specimens which I have described

from Tairffynnon and other localities near Bangor.

Within the last few weeks, through the kindness of Prof. Boyd
Dawkins, I have had the opportunity of examining a small collection

of rocks and ^slides, illustrating the junction of the Laurentian and
Huronian, from the Lake of the Woods, Manitoba. I should not

* Small crystals, apparently endogenous, of a brown mica are abundant.
The microscopic structure of the rock presents a resemblance to that of the Ober-
Mittweide conglomerate, described by Dr. Lehmann. For the opportunity of

examining the latter I am indebted to Mr. J. J. H. Teall.

t To this belt of Huronians (in which, as said above, some Laurentians and
igneous masses are included) a breadth of about 100 miles is assigned.
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have hesitated to refer all these to the former series, and cannot say

from the specimens where the line of division comes, although one

of the so-called Huronians is less coarsely crystalline than the

admittedly Laurentian. The difference, however, is not greater than

might be readily explained by a bringing together by faulting of

rocks originally some distance apart in the same series ; and, as all

the specimens give indications of a very ancient crushing, it is quite

possible that this may account for the apparent diversity, which is

after all hardly greater than we may observe in some cases of con-

secutive masses near Gairloch. I may add that, Avhen at "Winnipeg,

I saw in the Museum some specimens of the Huronian and Lauren-

tian from the same region, and did not see how the former were to

be separated from the latter.

A collection of slides also of Huronian rocks from the south of

Lake Superior, selected by Dr. A. AYichmann, has been lent to me
by Prof. Judd. Several of these remind me of specimens which I

obtained to the east of that lake. Some are distinctly of clastic

origin, containing small fragments of Laurentian gneisses, but with

considerable alteration in the matrix ; others have a general resem-

blance to members of the uppermost group of Alpine schists, while

others, again, seem hardly more altered than a Cambrian slate, when
it has been subjected to rather exceptional pressure. Some of the

slides are obviously from rocks of igneous origin, and so cannot be

taken into consideration. The first named of these specimens indi-

cate that the break between these and the Laurentians must be
considerable.

When in Canada, I saw specimens of the red felstones correlated

by Dr. Sterry Hunt with the Arvonian of Dr. Hicks. They
undoubtedly bear, macroscopically, a close lithological resemblance

to the devitrified rhyoHtes of the Bangor-Carnarvon district.

I was not able to visit any exposure of rocks placed in the Mont-
alban group. The specimens shown to me by Dr. Sterry Hunt bore a

remarkable resemblance to members of the Tremola schists and the

underlying gneisses of the Lepontine Alps. I did not visit any area

occupied by the rocks called Taconic, and so have not been able to

form any opinion as to the value of the group.

With regard to the stratigraphical sequence of these groups, it

would be presumptuous in me to express a very decided opinion.

But I will venture to say that, if the red felstone (petrosilex) group
underlies the Montalban series (except by intrusion), it will be the

most startling and inexplicable fact that has come to my knowledge
since I began to work at this branch of petrology ; and that while

it is very probable that some of the rocks now assigned to the Huro-
nian may immediately follow the Laurentian or in some cases be a

part of it, others, I think, must be decidedly later than the Montalban

;

if not, the teaching of nature in the New World contradicts the

lessons which she gives us in the Old World.

Cornwall and South Devon.

As I have already described, in the pages of our ' Journal," the

VOL. xLn. h
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metamorphic schists of the Lizard district, a very brief recapitulation

of my conclusions will suffice. The series can be subdivided into

three groups, to which I have given, for purposes of reference, the

epithets micaceous, hornblendic, and granulitic. In the first and
lowest, consisting mainly of chloritic, hornblendic, and mica-schists,

distinctly green schists predominate ; in the second, which vary from

well-banded schists to almost uniform and rather massive rocks,

black hornblende is the most conspicuous mineral ; the third is cha-

racterized by the presence of a quartz-felspar gneiss, with but little

mica or hornblende, interbanded with more micaceous or hornblendic

layers. The dip is not usually high, more commonly below than

above 45°, and the dominant orientation of the minerals is with the

apparent bedding-planes. In the lowest series bedding is indicated

by distinct mineral changes visible to the eye in the field and fully

confirmed by microscopic examination. In the upper series there is

just the same rapid alternation of bands widely differing in mineral

character that I have described in the melanite-schist series of Yal

Piora. Hence if we were to give up the false bedding which I have

described in the middle group (though, after careful reconsideration,

I feel it very difficult to explain this as the result of mechanical move-
ments), and were to assume the whole group to be a mass of crushed

dolerites affected by mineral changes (which a part may very well

be), still there is, above and below this, evidence of stratification.

Further, even if we reduce the apparent bedding throughout to

gliding planes, and suppose the whole series to be some extraordinary

complication of mashed-up igneous and sedimentary rocks (which I

regard as most improbable), there can, even then, be no question

that this rolling out, this metamorphism of the most exaggerated kind,

is anterior to the intrusion of the peridotite (now serpentine), the

gabbro, and the granite, from which all signs of crushing (save

some local disturbance near a fault) are absent. Yet more, in the

conglomerates of JN^are Point, now thought to be of Ordovician age,

hornblende-schist, like that of the neighbouring crystalline massif, is

found together with a granitoid gneiss ; and little bits of micaceous

schist abound in the conglomerates of the Meneage district, together

with fragments of hypometamorphic rock. Thus the schist series of

the Lizard must be vastly older than the supposed Ordovician rocks

against which it is faulted, and so, in accordance with the ordinary

laws of reasoning, may be classed as Archaean.

I may pass yet more briefly over the South-Devon rocks. In the

associations of the mica-schist and chloritic schist which I have

described we have indubitable evidence of bedding, and to this the

earlier foliation has a general parallelism. But a secondary structure,

a cleavage -foliation, has been in many cases impressed upon the

rock-masses, and this, as I have pointed out, is due to the same set

of earth-movements as have produced the foldings and cleavages of

the adjacent Palaeozoic strata, and these, in some cases, have given

rise to very remarkable structures. The schists and the Palaeozoic

series are brought together by a fault. They evidently differ widely

in age ; but as the latter are probably rather newer than the Cornish



ANNIVEKSARY ADDEESS OF THE PRESIDENT. 87

strata mentioned above, the evidence for the Archaean age of the

former at present before us is not so strong as in the Lizard district.

North Wales.

It is, I think I may assume, needless to occupy your time with

proving that the devitrified rhyolites in the Bangor-Caernarvon district

are notLowerCambrian rocks metamorphosed in situ. That hypothesis

may be regarded now as having no more ground than the Ptolemaic

system in Astronomy. If the microscope is not useless in Geology,

we may take it as proved that below a certain well-marked conglo-

merate forming the base of the Cambrian there come slaty rocks,

grits, and conglomerates or agglomerates of volcanic materials, the

exact thickness and the details of this second series being immaterial

for my main purpose. Further, it will be now generally admitted

that a conglomerate representing either the first-named or one of

the latter (which it now matters not) rests in some places on a coarse

granitoid rock and is almost wholly made up of its materials. There
is also considerable (to my mind convincing) evidence that the rhyo-

lites are much newer than the granitoid rock. Hence whatever be

the genetic origin of the last, whether it be a true gneiss or whether

its gneissoid character (for it is no normal granite) be due to subse-

quent pressure, it is vastly older than the Cambrian, and therefore

represents some 2)ortion of the Archaean series. If we may venture

to argue from lithological similarity, this should represent the gneissic

series of Tycroes in Anglesey, which is certainly older than the great

mass of the schists of that island ; and these, as I have said, are

much anterior to the rhyolitic conglomerate, which cannot be newer
than the basement-bed of the Cambrian.

The stratigraphy of the island of Anglesey is at present in such

confusion, and my own work among it has been of so fragmentary a

character, that, in accordance with my present plan, I shall pass

very briefly over the evidence which it affords bearing on the question

of the relation of foliation to stratification and cleavage. But, after

the papers of Dr. Hicks and Dr. Callaway, we may, I think,

safely admit that the gneisses and crystalline schists of that island

are much older than even the earliest part of the Cambrian period as

usually defined. What I have myself seen leads me to regard the

coarse granitoid gneisses (and I think this wiU generally be admitted),

such as those exposed near Tycroes and Llanfaelog, as the most
ancient rocks ; these, if we can trust lithological similarity, should be
correlated with the older part of the Hebridean series of Scotland.

The very abundant, fine-grained, rather fissile, micaceous and chloritic

schists I regard as later in age, but still as much older than the

Cambrian. There is no valid reason that I can discover for correlat-

ing these with the typical Pebidian group of St. Davids, or with the

group on the opposite mainland which underlies the basement con-

glomerate of the Cambrian series. If there is anything in comparative

lithology, the last two are decidedly younger than the schists, and are

])robably the equivalents of the hypometamori>hic series in Anglesey

described by Dr. Callaway. These schists,have ndubitably been much
h2
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modified by subsequent pressure, which, however, I strongly suspect

operated before the basement-Cambrian conglomerates were formed,

and this pressure acted, in some cases at least, on rocks already

foliated. Further, the occasional interbedding of quartzites with

these schists is a proof of sedimentation, and in these cases (to speak

of no others) the foliation agrees with the bedding.

Other Districts in England and Wales.

Over the remaining districts in England and Wales I must pass

briefly. As regards the St. Davids district, I have nothing to add to

the remarks which I made last year ; but, through the kindness of

Mr. Allport, I have had the opportunity within the last few weeks
of examining a fine series of slides and specimens representing parts

of the Malvern range. Of these I trust that before long he will

send us a notice; but I may say that the coarse-grained rocks

from the northern hills exhibit the effects of compression, to which,

as in the case of the granitoid gneisses of Wales, their present

gneissic structure may in some cases be due. At ihe southern end
of the range, however, rocks more distinctly foliated and non-igneous

in origin are found, together with true mica-schist. The granitoid

gneisses on the flaulxs of the Wrekin present considerable resem-

blances to rocks which I have obtained from masses elsewhere

of admittedly " Laurentian " or Hebridean age, though their struc-

ture has in places been much modified by subsequent crushing.

There can be no doubt, I think, that Dr. Callaway is fully justified

in including them in the same general group as the rocks of the

Malvern Hills. The rhyolitic rocks of the Wrekin district and of

other areas, in short the various masses of slates, agglomerates, and
old rhyolites, which, though older than the Cambrian group, cannot

be very widely separated from it, hardly fall within the scope of

my present subject.

Scotland.

In the summer of 1879 I examined the rocks around the upper

part of Loch Maree, and communicated to the Society the results of

my work. Since then I have had opportunities of examining con-

siderable collections from this and other districts of Scotland, and in

the autumn of last year spent some time in the former district and

at Gairloch. The rocks of this last region have an exceptional im-

portance because their Hebridean age is universally admitted, and
their distinctive characters and probably higher position in the series

have been pointed out by more than one observer. In my description

I shall suppress microscopic details, but I may remark, once for all,

that I have verified every point of importance by the examination

of slides cut from specimens collected by myself. Commencing with

the elevated moorland between Gairloch and PoUewe, we find

abundantly on the eastern side of the watershed moderately fine-

grained, very distinctly banded gneisses. Quartzo-felspathic and

more micaceous * layers alternate, varying in thickness from 2 or 3

* The mineral is commonly a black mica, but hornblende also occurs.
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inches downwards. A rather fissile structure may he noted parallel

with the handing, and the strike is roughly J^.W., with a high dip

(ahout 70°) on the eastern side. The resemblance of some of the

less fissile varieties to the moderately fine-grained Laurentian

gneisses of Canada is most remarkable. Gneisses of a similar cha-

racter, but, perhaps, slightly finer grained and with a rather com-

pressed aspect, continue for some distance on the Gairloch side of the

watershed, the strike becoming rather iS^.iS".W. These appear to

change gradually to a dark green, fine-grained, and rather fissile

hornblende-schist ; and this is the general character of the rock seen

by the roadside until we approach the straggling village of Gairloch,

except that in one place I noted a fine-grained, dark mica-schist.

About the new hotel at Gairloch and on the shore we find Torridon

sandstone. The lowest part of this is a breccia crowded with frag-

ments of crystalline rock, angular and subangular, the most abundant

being a hornblende-schist, practically identical with some of those

just mentioned, and a very fissile and fine-grained mica-schist,

though fragments of the gneisses are not wanting. On the shore

below the Pree Kirk both these schists may be seen in situ beneath the

breccia. Proceeding towards the bay, near the old burial-ground,

we pass fine-grained mica-schists with occasional garnets, and then

come, on the northern side, to a rather fine-grained micaceous gneiss,

followed by a dark green schist, and that by a fine-grained gneiss.

These rocks have a rather fissile structure, and the strike of it and
the foliation is between N.N.W. and N.W., with a high dip on the

western side. At a headland on the opposite side of the bay we
find, first, a fairly fine-grained micaceous gneiss passing into one

slightly darker and more hornblendic, followed by a very dark green,

almost black, hornblende-schist, and that by a variable darkish gneiss

of sHghtly porphyritic aspect, beyond which comes a rather coarser,

more felspathic gneiss. All these rocks are somewhat fissile, espe-

cially the last named, and this structure, which coincides with the

foliation, agrees with that at the last-named headland, striking about

K.W., with a high dip to S.W. Similar variability in mineral

character may be seen, and a similar structure noted, at other places

in this neighbourhood. On the road from Gairloch towards Talladale

we pass various rather fine-grained, dark, micaceous gneisses, or,

perhaps, occasionally strong mica-schists, the usual strike being

about N.W. and the foliation nearly vertical. Approaching the

Kerry Falls, we find variable fine-grained gneisses followed by less

fissile dark mica-gneiss, and that by a rather greener compact schist
;

and on the upland just above the Falls we find first a very fine-

grained mica-gneiss, followed by a similar mica-schist, and that by
a fine-grained hornblende- schist. The rocks about here exhibit a

marked flaggy structure like bedding. This has a N.W. strike, is

nearly vertical, and it is parallel with the microscopic foliation.

An examination of this district leads, I think, to three con-

clusions :—(1) that the mineral changes in the rock are indicative

of some kind of stratification
; (2) that if the fissility (which is some-

times very marked) and the foliation be due to pressure, this has
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acted roughly at right angles to the planes of original stratification

;

(8) that when the basement-breccia of the Torridon Sandstone was
formed, these rocks had arrived substantially at their present

mineral and structural condition.

Proceeding now to the upper end of Loch Maree, I shall facilitate

my description by referring to my paper read in 1880. In this I

contended that the so-called Logan Eock was not an intrusive mass,

but a portion of the Hebridean gneissic series brought up by
faults. I also maintained that the alleged unconformity in Glen
Docherty between the older and newer gneisses did not exist, and
that the latter series, though exhibiting in places a fragmental

structure, was rightly called metamorphic. All this my recent

examination has confirmed. But in one theoretical conclusion I

went completely astray. As the evidence for separating the " newer
gneiss " between Glen Logan and Glen Docherty had broken down,
and as the fragmental structure which I observed in it seemed to

disappear as the rocks were followed southward, I concluded that

Sir Roderick Murchison was right in maintaining a progressive

metamorphism in this direction. At that time, however, I thought

that possibly the whole series might turn out to be Archaean ; but

this solution of the difiiculty was soon demonstrated to be impossible,

and further study of specimens from this and other districts, viewed
in the light of my alpine work of 1883, caused me to suspect what
would be the explanation of the puzzle *, namely, that the frag-

mental structure was not a record of original deposition, but of a

subsequent crushing in situ of crystalline rocks. In the hope of

clearing up this point, I worked (last autumn) up the eastern arm
of Glen Logan to the back of Ben Fyn, and on another day, from
near the little gorge where the stream cuts through the so-called

syenite, I ascended the cliffs to the upper moorland and summit of

Craig Boy, whence I descended to the high-road in Grlen Docherty,

near the seventh milestone from Achnasheen. I thus examined as

continuous a series of outcrops of the " newer gneiss " as was
possible, and collected a number of specimens which I have since

studied with the microscope. I have now no doubt that here, as in

the districts further north, the apparently bedded structure cannot

be relied upon as the result of original deposition, but is to a

great extent, if not wholly, a record of the efi'ects of earth-move-

ments upon rocks originally crystalline. These have been crushed

and, as it were, rolled out, as the whole mass has been thrust

forward and upwards over the broken surfaces both of older

crystalline and newer sedimentary rocks, which once formed parts

of a great and perhaps complicated overfold. At the same time,

* When I wrote the lithological notes to Dr. Hicks' s and Dr. Callaway's

papers on N. W. Scotland in the winter of 1882-3, I was still, as may be seen,

is a fog about the significance of the fragmental structure in this peculiar
" upper " or " slabby" gneiss, though I was becoming almost daily more
impressed with the importance of the effects of subsequent crushing. If, for the

grovip numbered I., and there supposed to be the newest chronologically of the

three, as retaining traces of an original clastic structure, we read " No. II. or III.

crushed in situ,'' all will be clear.
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as we pass over the outcropping edges of the apparent strata,

marked mineral differences, both macrosopic and microscopic, can

be noted, which seem to indicate a true succession in the beds,

which have thus been modified by subsequent pressure, and I am
inclined to think that the general strike of the two structures is the

same. The greatest crushing, the greatest shearing—in short, the

greatest modification—of the original constituents is at the northern

escarpment of the overthrust mass. On the summit of Craig Eoy
and in the upper part of Glen Docherty, these effects, though still

marked, are generally less extreme. It is, I think, possible to

infer the original character of the rocks from which this part of the
" newer gneiss " has been formed, viz. that they were rather fine-

grained gneisses, not very unlike those of Gairloch, occasionally highly

micaceous, but usually quartzose. I am certain that in none of the

sections that I examined was there any representative of the

quartzite series. It would no doubt be more difficult to distin-

guish an included and compressed fold of the Torridon Sandstone,

but I believe that I may with equal confidence deny its presence.

So far as I can judge from a more superficial examination, this

series of quartzose and micaceous rather than felspathic gneisses

extends for some miles southward and reappears in other parts of

Scotland, as do rocks undistinguishable from the somewhat more
coarse-grained varieties near Gairloch.

Before leaving this subject, I may mention that we find a close

parallel to the " newer gneiss " series of the northern escarpment

on the southern edge of the crystalline massif of the Central High-
lands. In the cliffs north of Stonehaven the Old Eed Sandstone is

underlain * by an apparently bedded series exhibiting similar frag-

mental characters, and similar indications of partial metamorphism
to those which we observe in the northern cliffs of Craig Roy ; and

as we follow the shore northward the clastic character becomes less,

the metamorphic more marked, until at last we cannot doubt that we
are examining a series of fine-grained gneisses, although they still

exhibit some signs of subsequent crushing. This at Muchalls (some

three miles further north) is still less conspicuous, being sometimes

distinctly subordinate to the original foliation, to which it is often

inclined at a high angle. But, near Stonehaven the fissile structure

is occasionally so marked that the rock splits up like a slate. Other
masses, again, might readily be taken for compressed quartz-felspar

grits, like the Torridon Sandstone ; but careful work on the ground
after microscopic examination of specimens clears up the difficulties.

The dip of the apparent bedding is generally about I^.N.W., and
is usually pretty high, sometimes as much as 70°. Here also these

structures have a general correspondence with some marked mineral

changes in the rocks, and look as if, at any rate, the strikes of

the subsequent cleavage and the original bedding coincided.

Microscoijic Structure of tlie Older ArcluPMU Rochs.

i^ot the least difficulty in the investigation of the most ancient

* The junction is a faulted one.
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gneisses and schists is that of securing typical specimens. In the

search for these we are necessarily limited to districts where the

pre-Palseozoic age of the rocks can be proved by their position

beneath, and marked discordancy from, some part of the Cambrian
or very lowest Ordovician series, or at least by their forming part of

a series which can be somewhere seen in this position. But even

in these districts the great age of the rocks renders them liable to

subsequent alteration either by the percolation of water, or by
crushing followed more or less by mineral reconstruction. Thus
regions which have been the scene of mountain-making are unfa-

vourable to our quest. Hence our own country does not provide us

with good types, although its rocks may become useful at a later stage

of our investigations. Those which I have studied with most advan-

tage are from the Laurentian series of Canada, the antiquity of

which is beyond dispute, and from districts which appear to have

been singularly free from any marked disturbance since an epoch

long anterior, at any rate, to that when the basal materials of the

Potsdam Sandstone were deposited. The macroscopic aspect of

these rocks has been already described. I will endeavour to

indicate their more characteristic microscopic structures, although

it is most difficult to describe them in words, without the aid of

large coloured figures.

The gneisses in the Laurentian series—for to these, as the

dominant rocks, I will restrict myself—mineralogically do not differ

materially from granites : quartz, felspar (often potash), and black

mica or hornblende are the principal minerals ; white-mica, garnet,

apatite, sphene, magnetite, or some iron-oxide, are rarer and
more accidental constituents. They are holocrystalline, presenting

many resemblances macroscopically to granites of moderate coarse-

ness, but distinguished by a tendency to mineral banding, as above

described, which is sometimes very definite. If we examine
slices cut perpendicular to the banding, we note that the sections of

the mica lie with their longer axes roughly parallel with it. The
same remark applies also to any mineral of elongated form ; and
minerals of the same species exhibit some tendency to be associated

in these layers. Any such grouping is extremely rare in a granite,

and the circumstances under which it occurs suggest an explanation.

The two rocks, however, agree in that the mica-crystals are well

developed, and of a fair thickness compared with their basal area
— i. e. are not mere flakes. Again, in a moderately coarse granite

(I expressly exclude the very fine-grained granites, which usually

occur in veins and small bosses, the rock called granulite by some
authors), the crystals of felspar, where in contact with quartz,

exhibit, as a rule, a rectilinear boundary; but in these gneisses, while

the boundary between the two minerals is clear and definite,

it is curvilinear, the grains of both being either rounded or even

somewhat lobate in outline, as if the two minerals had simultaneously

but slowly segregated out of a viscid mass. Thus, according to

the predominance of either mineral, rounded grains of quartz may be

seen included in larger grains of felspar or vice versa. The struc-
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tiire, in short, of the rock recalls to mind that of some of the more
highly altered quartzites, and is sometimes slightly shadowed out by
such fragmental rocks as the Torridon Sandstone, although I do

not therefore mean to assert a clastic origin. Occasionally the

peculiar association of quartz and felspar, which might be designated

microdendritic, is to be seen ; I maj' also remark, without wishing to

attach too much value to the fact, that in these gneisses microcline

felspar is remarkably abundant. The hornblendic rocks, presumably
interstratified with these gneisses, are also coarsely crystalline

;

indeed this is the general characteristic of the series, whether its

members be quartzose, felspathic, micaceous, calcareous, or other-

wise. Even the crystalline limestones have a character of their own,
both in their crystalline structure and in the not unfrequent presence

of various accessory minerals, such as garnet, malacolite, or other

members of the pyroxenic group, mica, &c.

As the gneisses become more finely grained, the structure de-

scribed above is less marked, and the grains of quartz and felspar

assume a rather more irregular outline, analogous in some respects

to that to be seen among certain of the vein-granites, so that

occasionally it is by no means easy, in the hand specimen or under
the microscope, to distinguish one of these gneisses, when almost

without mica or signs of foliation, from certain of the vein-granites.

But, as a rule, in this series, mica is more abundant than in the

last, the rocks vary more frequently, and the different members are

less coarsely crystalline. This diminution in the felspathic con-

stituent seems to become more marked as we proceed upwards ; and
where this mineral does appear in rocks presumably of stratified

origin*, it has generally an ill-defined outline, an uncharacteristic

aspect, and is commonly ill preserved. The aluminous subsilicates

now become more frequent, appearing to take its place ; mica is a

very common mineral, so that mica-schists are often very abundant.

White mica now seems rather commoner than black ; the accessory

minerals, such as garnet, andalusite, cyanite, tfec, are often well

developed ; but the matrix is, as a rule, not coarsely crystalline. As
we proceed onwards, it can no longer be doubted that we meet
with signs of original stratification, and with rocks which must be of

detrital origin. AVell-crystallized accessory minerals (especially

silicates) seem to become rarer ; the matrix not only is apt to be
rather minutely crystalline, but also sometimes seems to contain a

residuum of uncrystallized material, carbonaceous and earthy par-

ticles occasionally remaining and giving a dirty aspect to the

crystalline constituents of the rock. So far as I have observed, and
this seems to me very important, these rocks exhibit stratification-

foliation, that is, the general direction of the constituent folia is

parallel with the apparent stratification of the rock-masses. This,

as it affects such large areas, appears to indicate that the dominant
pressure at the time of crystallization was vertical rather than
lateral. Hence, either the rocks were buried deep beneath other

* As in the gneisses so comiuon in the Lepontine Alps, the '' Montalban " type
of Dr. Sterry Hunt.
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strata, or the atmospheric pressure was much greater. I may
remark also that where some of the earlier Archseans have been con-

siderably folded, and these plications are obviously anterior to

Cambrian times, the rocks appear to have bent more readily than
they afterwards did. This is what we might expect. In very
early ages of the earth's history, the rapid escape of heat would
cause frequent bending of the crust ; but the temperature would
increase quickly downwards from the surface, rendering the rocks,

as a whole, more plastic*.

Pressure Metamorjphism.

The aforesaid changes will be best understood after describing the
effects of pressure followed by more or less mineral change upon
diiferent kinds of rock. Let us take first the production of slaty

rocks from comparatively homogeneous shales. This subject has

been so admirably treated by my predecessor in this chair, Dr.

Sorby, that I need do little more than make a passing reference tc

it, and will merely state that my own investigations fully confirm

his statements concerning the presence, in many slates, of exceed-

ingly minute flakes of a micaceous mineral in large quantities.

These I think to be most probably, in the main, of secondary origin.

Perhaps the reason of their production may be that in these cases

the felspathic minerals, whose detritus was the principal constituent

of the slate, had not been so fully deprived of their alkalies as in those

where kaolin is chiefly present. Still, exogenous mica may be

often observed. The crystallization of the above-mentioned minute
mica-flakes is, no doubt, ceterisparibus, a consequence of the pressure

to which the rock has been exposed. They are most conspicuous and
best developed in regions which have obviously undergone great

folding and compressing, and in these they can sometimes be seen

to be most markedly developed where the pressure has been most
intense. Hence these glossy slates or phyllites may be regarded

as a first step towards the formation of a mica-schist. But it must
be remembered that it is a first step only, and between it and a

normal mica-schist there is a very wide interval, in which interme-

diate forms but rarely appear. Such forms also, when they do occur,

are found, not in any part of the series of well-marked crystalline

schists, but only (so far as T know) amoDg those to which from other

considerations we should assign a comparatively late date. Some
remarkable instances of these phyllites have been shown to me by
Professor Boyd Dawkins from certain localities in the Skiddaw Slate

of the Isle of Man. Prom specimens which I have seen I infer that

^' From the above remarks, and others in this address, I may be supposed

to favour the idea of a community of structure in rocks of dissimilar origin.

I therefore think it well to say that my work has led me to the exactly

opposite conclusion, viz. that rocks of dissimilar origin have dissimilar struc-

tures. Of the alleged identities, some are mere superficial similarities, very

much of the " Monmouth and Macedon " type ; others are due to the structure

being too minute to be properly appreciated and distinguished ; others, again,

occur, as among the oldest rocks, where we are ignorant of their origin. I only

hold that an original structure can be subsequently obliterated.
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similar instances exist in Scotland, among the slaty rocks to the

south of the zone of the crystalhne schists of the Central Highlands.

Subsequent work on the part of several investigators has

thrown additional light upon the second kind of cleavage mentioned
by Dr. Sorby in his Address, that in which the cleavage-planes cut

across the undulating bands of the constituent minerals. Of this

structure I possess one or two excellent examples, e. g. from near

Torcross, which makes it clear that the structure is an example of

the strain-slip cleavage (Ausweichungs-Clivage) of Dr. Heim *.

These planes of weakness, both in this and in ordinary cleavage, as

noticed by Dr. Sorby, are marked out by secondary mineral deposits.

It is needless to enter into a minute description of the effects of

pressure upon less homogeneous fragmental rocks, since, so far as

they bear on my present subject, I shall have to refer to them in

speaking of the crystalline rocks.

The effects of pressure upon these last are onl}- beginning to be

fully realized. It has long been known that pressure or strain,

definite in direction, acting during the solidification of the rock,

modifies the position of its constituents ; but it is only lately that

the effects of these on rocks already crystalline have been appre-

liended. Let us take as an example the effect of pressure on a holo-

crystalline rock such as the granitoid gneiss already mentioned as

forming the central part of the Bernese Oberland. Excellent ex-

amples may be found in the gorge of the Eeuss or near the Furka
road, in the neighbourhood of the Rhone glacier. We can there

trace a gradual sequence from the coarse granitoid gneiss to very

fine-grained slabby bands, the surfaces of which are coated with
extremely minute scales of silvery mica. The original constituents

of the rock are mainly quartz, more than one kind of felspar, and

biotite. If we examine under the microscope a specimen taken

from a part where the effect of crushing is beginning to be con-

spicuous, we find that the felspars are cracked or broken across ; the

fragments are displaced from their original position, they seem to

tail off into a mass of microliths of a white mica, evidently formed
from the finer detritus, bordering the larger grains, crowding cracks

in them, sometimes interspersed throughout their whole mass, until

it has almost lost its distinctive characteristics. The larger grains of

quartz are also cracked and broken, and with polarized light exhibit

the usual strain-phenomena. Much secondary quartz of chalce-

donic aspect has formed in little streaks and elongated pockets.

The biotite seems to have been pushed about, has often a "tattered"

look, and sometimes seems to have recrystallized ; a wavy, len-

ticular cleavage-structure at right angles to the direction of pressure

has become conspicuous, showing sheen-surfaces to the naked eye.

As we examine specimens further away from the uiicrushed rocks,

we find the felspar gradually disappear, all the constituents of the

rock become more and more minute, and thus it assumes a more
homogeneous character ; everything seems to have broken up, and it

bears some resemblance to one of the phyllitcs described above, or to

* Mechanismus der Gebirgsbildung, Taf. xv. fig. 11.
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an exceedingly fine-grained, foliated, micaceous quartzite ; until at

last, according to circumstances, our gneiss is converted into a very-

fine-grained, slightly foliated mixture of quartz, micaceous minerals,

and earthy or ferruginous materials, which might readily be taken for

an impure quartzite or quartz-schist, or else into one of the above
" sheeny " fine-grained micaceous schists. We have here, as may
be found in many other localities, an almost complete transitional

series ; but it is of course open to question, as I have already said,

whether the rock was originally a true granite or not, though in

any case its foliation cannot have been more marked than in some
of the Laurentian gneisses described above. There are, however,
in other districts, cases where the first stages of these changes, viz.

the production of a certain amount of foliation in a true granite, may
be observed, and these are similar to the earher stages described

above, though often not carried quite so far, so that it is needless to

dwell upon them in detail. Suffice it to say that the felspar crystals

lose their angular outline, and become more or less rounded, doubt-

less by a crushing away of the angles. The original micaceous

constituents appear to undergo some amount of rearrangement at

right angles to the pressure, a rude wavy cleavage becomes per-

ceptible in the same direction, and becomes coated by the usual

filmy white mica, which also, as before, is developed throughout the

rock. Hence I have no doubt that many of the augen- gneisses,

where the " eyes " are rounded crystals of felspar, are only porphy-
ritic granites modified by subsequent compression.

When a rock which originally possesses a well-marked banding or

foliation, is exposed to pressure, much more varied results will be

produced. I have already described * how in the case of a fine-

grained banded sedimentary rock the mineral banding appears to

be intensified by a pressure acting at right angles to it, while it may
be bent and ultimately undergo strain-slip cleavage by one acting at

a high angle, or else (I think, if the pressure acts at a smaller

angle) may be in places obliterated and converted into a kind of

lenticular structure, recalling certain gneisses, in which, though
there is a foliated structure, there is no marked mineral banding.

Gneisses and schists undergo somewhat similar modifications, which
can be fully studied in the Alps, in Scotland, and in many other

mountain-regions, past and present. In the first-named two I have
given reasons for considering that the primary foliation of the rocks,

where distinguishable, corresponds with bedding. If we examine
some of the Alpine schists or gneisses where mineral banding is

conspicuous, we shall find that the pressure due to the earth-move-

ments has acted upon these in different directions, and with varying

intensity. Sometimes there will be little sign of disturbance, some-

times the pressure has been perpendicular to the stratification-

foliation, and gives to the layers a flattened or rolled-out lookf.

Sometimes these are bent and zigzagged, and folded in the most com-

* " On the Geology of the South Devon Coast," Q. J. G. S. vol. xl. p. 18.

t Indeed they sometimes suggest the action of lateral tension rather than
of vertical pressure, an action possible, locally, in a folded region.
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plicated manner ; sometimes strain-slip cleavage, or, as a variety of

this, overfold strain-cleavage, is produced. The constituent minerals

exhibit to a greater or less degree indications of fracture and dis-

turbance, obviously very much depending on the form and nature

of the mineral ; but, perhaps owing to the absence of felspar, there

is not quite so much of crushing and of mineral change as in the rocks

described above. Still, mineral deposit takes place along the planes

of cleavage, sheen-surfaces are formed, and these ma}^ be traced in

every degree from the stage where they are quite subordinate to

the stratification-foliation, to that in which the latter has been

wholly obliterated by cleavage-foliation, when the rock splits up mto
thin slabs, sometimes almost films, of a friable micaceous schist,

which we might almost call a slate (figs. 1 & 2).

Fig. 2.

Fig. 1.—Fragment of Lepontine Gneiss (about S^ inches long) showing stratifi-

cation-foHation—darker bands (a) chiefly biotite ; lighter, chiefly quartz,

with some felspar ;—the oleavage-foHation, indicated by filmy white mica,

parallel with line (b) and perpendicular to the paper. The flakes of dark
mica exhibit a certain parallelism to the plane through (b). IS^ear Altanca,

north side of Val Bedretto.

Fig. 2.—Fragment of Calc-mica Schist (about 3 inches long) showing stratifica-

tion-foliation afiected by cleavage-foliation. («) Bands of greenish mica,

(b) the direction of the clearage-foliation, indicated on the faces of the
specimen (not seen) by platy surfaces, spotted with filmy white mica ; the

flakes of mica in (a) tend to be parallel with the plane through (b). From
above the Tremola schists, north side of Lago di Eitom, Yal Piora.

Yery interesting changes of a like nature will be found on the

Aberdeenshire coast, north of Stonehaven. At Muchalls, the rock

which forms the crags is commonly a very fine-grained quartzose

gneiss, the mica layers (chiefly biotite) being from -1 to '2 of an
inch apart. These are greatly zigzagged and corrugated ; in some
places the surface of a block is seen to be traversed by bent and
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wavy lines, which at intervals are crossed by roughly parallel,,

thicker, dark bands, so as to present a good imitation of false-bedding
;

but the latter are quite absent from some parts of the block (fig. 4).

On close examination of specimens, we find every transition from the

simpler to the more complicated structure. These broader bands
are either records of the strain-slip cleavage or of that strained

compression of layers (which may eventuate in cleavage) formed in

a series of overfolds. As an extreme case, these darker, or secondary

layers, as we may call them, dominate over others. The rock, then,

Quartzose gneiss (chiefly quartz and biotite). Stratification-foliation (a) modi-
fied by pressure approximately at right angles to it. The mica-flakes in

the bands («) are mostly parallel with line b. About natural size. From
the cliffs at Muchalls (Aberdeenshire).

when acted upon by the weather, tends to split along them, and the

surfaces are seen to exhibit the characteristic sheen already men-
tioned. The most perfect examples of this can be seen on the rocky

shore, a short distance south of Muchalls, close to a target.

On examining specimens of these rocks microscopically, we find

that one of those in which a wavy banding only is exhibited, chiefly

differs from an ordinary rather minutely granular quartzose gneiss

in a general parallelism of the flakes of dark mica to a plane roughly

at right angles to the average direction of the planes of foliation(fig. 3).

Fig. 4.

Quartzose gneiss (as in fig. 3). Part of a block, showing the original stratification

-

foliation (a) modified by pressure and producing a cleavage-foliation {b) by
strain and rupture of flexures in part of the specimen, thus mimicking false-

bedding. The drawing is diagrammatic, about ^ natural size. From a

fallen block smoothed by waves just south of Muchalls.

Throughout the rock also the constituents, if irregular in form,

seem to have a similar orientation. The rock, in its present con-

dition, does not exhibit marked indications of crushing. When we
examine specimens of the apparently false-bedded rock, we find

that the quartz and the felspathic granules have a more fragmental
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look, although evidently, in the case of the former, much recrys-

tallization, in situ, has taken place, so that the rock, at first sight,

has quite the appearance of a normal crystalline schist. A white

mica is here fairly abundant. The mica flakes are very often

parallel with the directions of the thicker bands ; but even in these

the rule is by no means universal, while the thinner layers some-

times exhibit much irregularity, a majority of the flakes occasionally

pointing in the direction of the layer. This is also true of the most
cleavable specimens, inwhich, even in the thicker bands, the dominant
tendency of the mica flakes is rather in the general direction of the

thinner bauds, viz. at a considerable angle with the former.

These structures, as it appears to me, can only be explained as

follows :—The rock must have been already a crystalline foliated

rock before it was exposed to the pressure to which the present

modifications of structure are due. When this acted, it must have
been in a condition (probably of slight plasticity) which allowed of

a certain amount of movement of its constituents without serious

rupture of continuity*. Thus the folia were bent, and the mica
flakes, probably with some amount of recrystallization, were en-

abled to arrange themselves at right angles to the pressure (fig. 4).

In the other cases, whether from slight diff'erences in the constitution

of the rock, or from local circumstances causing it to yield more
readily, there was more disturbance of the constituents, the mica
layers were more distorted, and in some cases were pressed or drawn
together (fig. 3). Here also a certain amount of recrystallization,

how much it is difficult to say, has taken placet.

It will be noticed that my explanation of these structures does

not quite agree with that given by my distinguished predecessor

Dr. Sorby. It is with the utmost difiidence that I differ even in

the slightest degree from so careful an observer and so acute a

reasoner, but I have been unable to come to any other conclusion.

He regards, if I understand him rightly, the cleavage-foliation as

the result of the metamorphism of a cleaved detrital rock, while I

regard it as a structure superinduced upon a rock which was already

possessed of stratification-foliation.

Further to the south, in the cliffs a little north of Stonehaven, the

cleavage-foliation has practically obliterated the stratification-foli-

ation. The rock also, as already said, has a much more marked
fragmental character, so that many specimens might be readily mis-

taken for slightly metamorphosed clastic rocks. Here and there,

however, I can detect remnants of the old lines of foliation, which by
their pressing or dragging together have formed the now dominant
bandings of mica which make the cleavage-foliation. It is inter-

esting to note that in these rocks the mica flakes are generally

much less perfectly defined than in those described at Muchails,

the mineral being, what I may call, confusedly crystallized. It is

almost impossible to say precisely what is the origin of some of

* The possibility of this is indicated by the well-kuown experiments of

Tresca and others on the "flow of sohds."

t I may remark that not seldom a mica, practically colourless in thin

sections, seems to form from biotite by the extrusion of the iron-oxide.
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these rocks just north of Stonehaven ; the most gritlike may possihly

be a crushed-np granite, but some of them, I feel sure, have been
fine-grained quartzose gneisses very similar to those at Muchalls.

We are thus led up to understand the peculiar structure of the

rocks forming the northern escarpment of the " newer gneiss," which
I have already described macroscopically. My remarks, as heretofore,

applj^to those near Loch Maree ; but I may add that through the kind-

ness of Professor Lapworth and Mr. Teall, I have had the oppor-

tunity of examining collections from other districts in the north-west

Highlands, to which my remarks, mutatis mutandis^ applj- When
examined microscopically, these newer gneisses, as I have said,

perplex us by the evidence on the one hand of a fragmental struc-

ture, on the other of crystallization in situ. The former structure

is most conspicuous in the immediate vicinity of the great overfold

fault. A few miles back, the rocks often scarcely differ from a

normal mica-schist or quartzose gneiss. Careful examination of a

large number of specimens collected expressly for the purpose, illus-

trated by materials obtained in the Alps and compared with gneisses

and schists collected from the admitted Hebridean series, have con-

vinced me that the apparently fragmental structure of the '^ newer
gneisses " is due to the crushing in situ and partial recrystallization

of a varied series of fine-grained gneisses, mica-schists, &c. not

unlike those at Gairloch, and not very different from those already

mentioned from the Aberdeenshire coast. The peculiar '''undulate

structure," if I may so call it, of the constituents—often indicated

especially by the mica, which differences these rocks from those

already described—is due to the exceptional character of the pressure

to which they have been exposed in the overthrust, which has caused

a certain squeezing or dragging-out and lateral shearing of the con-

stituents in the direction of apparent bedding. Thus the felspar

grains, so marked a feature in some of the varieties, are simply

remnants of original felspars ; and this accounts for their similarities

to the felspars of the Hebridean series. Some of the mica, but, I

believe, by no means all, is of secondary origin ; so also is some of the

quartz ; and probably any previous fragments of that mineralhave re-

ceived additions which are in crystalline continuity with them. The
squeezing or rolling-out is especially conspicuous in one or two
specimens taken from low down in the series in Glen Logan, the

quartz granules having a peculiar dragged-out, clotted aspect, and

having their optic axes approximately parallel, so as to produce a

marked uniformity of tint when examined with the two Nicol's

prisms.

The correctness of this explanation is supported by the exami-

nation of rocks formed by local crushing in the Hebridean series

itself; one, discovered by Professor Lapworth and lent to me by

Mr. Teall, is so similar, both in the hand-specimen and under the

microscope, to some of my specimens from the neighbourhood of

Glen Lo^an that, had it been sent to me as coming from the newer

series in that locality, I should never have questioned it, and should

only have remarked that "it had had a very hard pinch." This
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specimen represents the condition of the Hebridean in the fold-

fault at Loch Emboli.
There may be, of course, various intrusive igneous rocks in this

" newer series " of Loch lEaree which have been crushed up like the

gneisses and schists ; but I think that the latter certainly pre-

dominate. It is also possible that portions of Paloeozoic rocks may be

faulted or folded in ; but I feel csrtain that of them there is nowhere
a great quantity, and that I saw none. Moreover I fully believe

that, except very locally, there would be no real difficulty in

distinguishing between the crushed gneisses and schists and the

compressed Torridon Sandstone, quartzites, or other Palaeozoic

sedimentary rocks, provided only they be studied both in the field

and with the microscope, and that the observer has duly qualified

himself for the task by previous education.

Among the effects of these great pressures will undoubtedly be an
elevation of the temperature of the rock, and this will facilitate

mineral changes. But I think that this factor in metamorphism has

been overestimated by some authors, and that it is of secondary rather

than of primary value. Pressure alone, as shown by Dr. Sorby and
others, is a most important agent in promoting the solution of

minerals ; and, when this ceases to act, deposition and crystallization

may take place. Strain or pressure may be relieved, in the course

of ages, by fracture and movement, by the settlement of the mass,

and other causes. The excavation of valleys and denudation

generally must produce important effects in this respect.

Contact-Metamorphism

.

Rocks affected by contact-metamorphism (by which term we
mean the alteration produced upon sedimentary rocks by the intru-

sion into them of igneous masses) while differing materially from

those commonly called metamorphic—so much so, that the separation

under the microscope of the one from the other is generally ex-

tremely easy—nevertheless present some suggestive resemblances.

If we leave out of consideration the less extreme cases of contact-

metamorphism, such as we find in the vicinity of most dykes and

small intrusive masses, or where proximity to the surface of

the earth has permitted a more rapid escape of heat, such, for in-

stance, as abound in the Carboniferous series of Fifeshire ; if we
also pass by, as of comparatively simple character, the change of

sandstone into quartzite, and the conversion of ordinary limestone

into crystalline marble, and confine our attention to the argilla-

ceous rocks, as of more complicated chemical composition, and to

the cases where they are in proximity to large deep-seated intrusive

masses, we find changes analogous to those which have been pro-

duced in the true schists, though, as I have said, presenting marked
differences in structure. This analogy is not surprising ; for pro-

bably the ageuts of change have been identical, viz. heat, pressure,

water, working conjointly and for a considerable time.

I may illustrate the nature of the changes thus produced, by a

brief sketch of the alteration in the Skiddaw slate a.s it approaches

VOL. XLII. i
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the granite in the glen between that mountain and Blencathra.

Of these rocks my lamented friend Clifton Ward has given iis a

good description accompanied by some valuable analyses *. The
ground-mass of the well-known chiastolite slate, which is the first

stage of the alteration of the ordinary Skiddaw slate, does not

materially differ from that of an ordinary phyllite or satiny slate.

It exhibits a banded structure, produced mainly, it seems, by the

greater or less quantity of a very dark, probably carbonaceous, mineral,

though there are other slight differences, such as in the size of the

micaceous constituents, which, however, may possibly be due to the

same cause. This ground-mass is composed of minute films of

mica, probably sericite, with numerous mineral granules, which I

do not attempt to name, but which are doubtless mostly alumina
silicates. With these are mixed, in variable quantities, tiny granules

of quartz (whether original or secondary I cannot say, probably
both), and the black constituent—carbonaceous matter and iron-

oxide. The mineral-banding, according to Mr. Ward, corresponds

with the planes of cleavage. The only mineral of notable size and
well-defined outline is the chiastolite ; and I cannot help thinking

that this belongs to a late stage in the alteration of the rock. The
crystals are well defined externally, bear no marks of compression,

and are fairly free from enclosures. Much of the carbonaceous

matter seems to have been expelled during the growth of the

crystals and forms a black external border. The filmy ground-mass
is pushed aside, although the distortion of the layers does not pro-

ceed very far. Except, however, for these chiastolites the rock, as a
whole, is still in an early stage of metamorphism. As we approach
the intrusive granite, the rock becomes much indurated and
evidently is more highly changed ; it fractures readily across the

cleavage-planes, so as to form the well-known " whetstone slate."

On examining microscopic sections of these rocks, we find that the

process of change appears to have been as follows :—The rock was
at first a fine-grained mud (for the analysis shows that there cannot
have been much free quartz). It must have been brought (probably

after being cleaved) to a condition which allowed fairly free motion
among its molecular constituents. Certain of these have combined to

form well-defined crystals of a mica of the biotite group ; others, a

mica ofthe paragonite group; the black constituents have to a great

extent disappeared ; very numerous microlithic prisms, probably a

subsilicate of alumina,have been formed. Numerous rather elongated

elliptical spaces may be observed comparatively free from these prisms,

the micas, and the black spots ; these I think we may safely recog-

nize as ill-developed crystals of andalusite, and there are a few more
definitely crystalhne (chiastolite?). These last two, as in the

former case of the chiastolite, have to some extent extruded the more

* After more than one examination of the Lake district, I am obliged to say-

that I cannot jSnd the slightest ground for the theoretical views of my friend
as to the more important intrusive masses of igneous rocks being portions of
the sedimentary rocks melted dovm, I believe that the cause of this error (as

I hold it to be) was an over-estimate of the amount of metamorphism in the
Borrowdale series.
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minute constituents. The mica crystals, while they exhibit a slight

tendency to a banded arrangement, lie about in all directions in the

bands, and the same is true of the other minerals. There is some
free quartz, but the granules are small and do not appear to be

very abundant. Another specimen, taken from rather nearer the

granite, exhibits a similar structure ; but the mica flakes are slightly

larger, so are the quartz granules, and the spots of andalusite are

a little more clearly defined, and are yet more distinctly bordered

by the mica. The process, in fact, of mineral segregation and

crystal growth appears to have been slightly protracted. Another
specimen, taken from rather nearer an exposure of granite, does not

materially differ, except that it exhibits some bands comparatively

free from andalusite, and consisting mainly of quartz and mica, A
specimen taken within a yard of the granite contains but little

andalusite, and consists mainly of quartz and mica with a few
garnets. As, however, a portion of the slide resembles the others,

I presume the mineral differences here are due to original compo-
sition (which, indeed, I inferred from the appearance of the rock in

the field) ; hence the main distinction is, as before, the more perfect

separation and insulation of the constituents. Lastly, in an actual

contact-specimen, the mica flakes are yet larger, the andalusite, in

parts, though not invariably, is rather more clearly defined, and there

are some irregular spots of a mineral resembling staurolite *. The
inferences which would be naturally drawn from the above description

are confirmed by numerous other specimens which I have exa-

mined t- The process of change (which of course depends, in the

first instance, on the original constitution of the rock) is somewhat
as follows :—A very considerable proportion of the constituents are

rendered capable of entering into new combinations. Suppose, then,

the rock was originally (as probably in very many cases) a fine-

grained mud or silt, consisting of kaolin, of felspar debris still

retaining the alkaline constituents, of very minute quartz granules,

perhaps with fragments of mica and more or less carbonaceous and
ferruginous matter. Heat and pressure, in the presence of water,

as shown by Daubree's experiments, tend to separate silica from a

silicate, so as to form free quartz and silicates with a lower proportion

of silica. The alkaline constituents combine, in the one case, with
some of theiron and the requisite silicates to form a potash-iron mica:
in the other, they combine to produce a paragonite. Subsilicates

of alumina are formed, such as andalusite, and the quartz set free

crystallizes, sometimes perhaps independently, sometimes, no doubt,

around original constituents as nuclei. jSTow this process of segre-

gation is in many respects analogous to that of crystallization in

certain of the igneous rocks, and I have observed that these quartz

granules have commonly the rather rounded but slightly irregular

outline which is characteristic of the felstone and some micro-

* Perhaps the higher temperature has allowed the iron to enter into combi-
nation with the alumina silicate.

t I have been kindly permitted to examine a fine series collected by Mr, All-

port, and now in the British Museum, from Cornwall aud other localities, and
another still in his own possession,

t2
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granites. The same may be observed sometimes in certain schists ;

but the latter commonly appear to have crystallized under pressure

more definite in direction than is the case with these contact-meta-

morphic rocks. The structure in the schists may often be due to

subsequent compression followed by recrystallization, but I doubt
whether it is so in every case. In one other respect there is a

marked difference between the contact rocks and the older meta-
morphic. In the*former, felspar (of endogenous origin) is very rare,

if not wholly absent. I have never seen an instance of it that

was beyond question (except in the immediate vicinity of the con-

tact-surface) ;
generally it is wanting. Though often an analysis

shows that there is enough of an alkaline constituent left in the mud
to make a fair amount of felspar, still this is taken up by mica, and
the alumina silicates (or subsilicates) are non-alkaline.

In this rough sketch I have omitted, for simplicity, several of the

mineral changes, such as the formation of garnet, idocrase, mag-
netite or haematite, pyrite, graphite, because, mutatis mutandis, the

same method of explanation would apply ; or such as the formation of

epidote, which, indeed, may also result, like the introduction of

carbonates, as a yet further change ; or of tourmaline, so abundant

in many of the Cornish specimens, because I regard the last as

exceptional and the result of a process of addition possibly subse-

quent to the intrusion, since it affects both the rocks. It is intended

to show simply how far Nature in that part of her laboratory-work

which we are permitted to contemplate, though at a distance, throws

light upon that which is only a matter of inference. We see then

that there are analogies between the contact-metamorphism and
the regional metamorphism ; but the latter has some very marked
differences from the former, chiefly in the presence of felspars and,

in most cases, in the greater size and definiteness of the mineral con-

stituents*. Moreover contact-metamorphism, as we might expect,

in its more marked effects, is a very limited phenomenon. Between
the so-called schists and gneisses produced by it which I have seen,

or between the silky slates, phyllites (or so-called schists) of

Palaeozoic or later age, in much-folded districts, and the true schists

and gneisses, of either known or presumed Archaean age which I have
been able to examine, there is a very wide gulf, which, notwith-

standing all assertions to the contrary, I do not believe has yet

been filled up by well-established transitional forms.

Progressive Metamorphism in a downward Direction.

It may, perhaps, be urged that, as the evidence of stratification

decreases and the amount of mineral change increases as we proceed

* As these differences are so marked, it would be well to abstain from calling

any of the rocks thus produced " mica-schists," &c. Dr. A. Geikie (Text Book,
bk. ii. pt. ii. § 7) suggests the reviyal of the old name Cornubianite. This might
well be done, provided it be understood that the alumina-silicate was, as a rule,

not felspar, but some subsilicate, such as andalusite ; or, having regard to the

etymology of the term, and to the fact that tourmaline is very commonly the

aluminous constituent of the Cornish " contact" rocks, we might define Cornu-
bianiie as essentially consisting of quartz, mica, and tourmaline, and revive the

term Proteolite for rocks consisting essentially of quartz, mica, and andalusite.
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downwards among the metamorphic rocks, the cause producing

molecular change has operated in the reverse direction, and that in

the gneisses and schists we have nothing more than ordinary sedi-

ments, which, in consequence of having been buried deep beneath

superincumbent masses of sediment, have been exposed under great

pressure in the presence of water to the action of a comparatively

high temperature. This ox)inion has found favour with many, and
is worthy of consideration ; it is in the highest degree probable that

some of the metamorphic rocks were once ordinary sediments;

moreover agencies such as those just named could not fail to

produce some effects, so that this may be the history—I would say,

probably is the history—of some of the metamorphic rocks. But
when to this proposition the corollary is added, '- Therefore the

metamorphic rocks may be strata which have been deposited in

Palaeozoic or even later times," I am obliged to assert that, while

admitting the abstract possibility, I have seen no direct evidence in its

favour. xUl attempts to identify large groups of metamorphic rocks

with strata of post-Archcean age have proved to be failures. Masses

of Palaeozoic rock have been buried deep, and exposed to the vertical

pressure of two or three miles of superincumbent rock, besides lateral

earth-thrusts, and the amount of mineral change produced, compared
with that in a true mica-schist, is trivial. The Skiddaw slate is said

to have been overlain by not less than twenty-five thousand feet of

rock*, no small part of which was formed hy volcanic agencies, and
yet it is only metamorphosed in the neighbourhood of the granites-.

The Old Eed Sandstones of South Wales have been buried beneath

at least ten thousand feet of Carboniferous rock ; but here, too, the

change is only mechanical. Yet, if metamorphic rocks had been
produced by the alteration in later geologic times of sediments of

known date, we should expect to find a gradual upward transition

from the metamorphosed to the unmetamorphosed rocks ; but this is

precisely what we do not commonly meet with, for below the latter

there is generallj^ an abrupt break. Rocks intermediate between
schists and shales are far more rare than we should expect in Nature,

supposing this hypothesis correct.

Selective Metamorpliism.

By this is meant the variable effect of such agencies as pressure

and heat on rocks originally of different mineral constitution, so

that those composed of materials readily lending themselves to

change undergo great alterations, while the more refractory retain

their original characters. In the past, selective metamorphism has,

I think, been overestimated, and has been invoked by myself equally

with others too much as a deus e.cc machine/, to help us out of every

difficulty. At the same time there is a certain truth in it, which
must not be overlooked ; and forgetfulness of this, even on the part

of those who are in the habit of invoking it, has led sometimes to

erroneous inferences as to the history of a rock and to comparisons

between those which present essential differences. Thus in certain

* Ward, Mem. Geol. Survey, Lake District, p. 73.
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rocks crystals of considerable size of such minerals as pyrite,

magnetite &c., are readily formed. So are quartz and calcite, also

hornblende, chlorite, epidote, various zeolites, garnet (generally

microscopic), tourmaline in special circumstances, &c. In like way,
pure limestone readily assumes a crystalline structure. Hence we find

fairly crystalline limestones, and especially dolomites of Secondary

or even later age. It is, however, Noteworthy that any one of these

presents marked differences from a rock of Archaean age which has

a like chemical composition. The most crystalline dolomites from
the English Permians or from the Alpine Secondary strata, the lime-

stones from the latter and from Socotra (probably Tertiary), differ

greatly from any which are certainly of Archaean age, and, if I mis-

take not, there are even differences between the older and younger of

the last. Such minerals as mica, some varieties of pyroxene, quartz

—not obviously of fragmental origin—garnet, not to name others,

are frequent in crystalline limestones of Archaean age, but are rare

in those certainly of later date, in which the non -calcareous con-

stituents still appear unchanged. In reference to this point I may
remark that it will surprise me if the comparatively late date

assigned by some geologists to the marbles of Carrara proves to be

correct.

The facility with which crystalline quartz is deposited, in the

manner often described, causes a sandstone to be readily converted

into a quartzite
; but I may remark that for this change it seems to

be essential that the rock should be very clean, that is, the quartz-

grains should be as nearly as possible free from all earthy or ferru-

ginous admixture. Clay, indeed, appears to be generally a very

refractory material, except sometimes under great pressure, when
silica is separated, and minute micaceous minerals are formed from
the residue. As I have said, clay remains seemingly unaltered

in some crystalline limestones and quartzites, and, if abundant,

certainly impedes crystallization. Prom what I have seen, I am led

to think that mixtures of different mineral substances and different-

sized particles do not so readily change as those which are homo-
geneous. Thus I have noticed that, in the same series, gritty slates

seem a little less altered than those of finer and more uniform

materials.

We find a good example of this variation in the Palaeozoic group

near Loch Maree. The purest quartzites are the most highly altered.

The quartzites, as a whole, are more metamorphosed than the dirty

limestone above or the heterogeneous Torridon Sandstone below. In

the case of the last named we might have expected that quartz

would have been attracted to quartz, felspar to felspar, mica to mica,

hornblende to hornblende. These accretions are familiar in the case

of quartz, they have been claimed for felspar and hornblende, and

they are in accordance with the principle of elective affinity. Thus
we should expect that the conversion of a suitable arkose into a

gneissic rock would be comparatively easy. It is quite possible that

this may be the origin of some gneisses ; but in the case of the

Torridon Sandstone, we do not see much approach towards it.
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Moreover, when this rock has been exposed to great pressure, the

result appears to differ from that afforded by a gneiss under similar

circumstances. The quartzites also, when similarly treated, still

retain a certain individuality and differ from the quartz-schists of

presumed Archaean age. Apart, then, from the fact that the " newer
gneiss series " of the North-west Highlands retains its distinctive

features, and presents us with similar gneissoid rocks, not only in

regions where Torridon Sandstone is largely developed, but also in

those from which it is practically absent, I am of opinion that even

if newer materials are locally infolded with strata of earlier date, it

will, as a rule, be possible, on careful examination, to distinguish the

crushed-out Archaean from the crushed-out Palaeozoic members.

Age of the Alpine Cleavage-foliation.

It may be asked What is the date of the secondary or cleavage-

foliation in the Alps ? In the district of which I have spoken, it

preserves a uniform direction over considerable areas, and its strike

appears to coincide generally with the strike of the cleavage in the

Secondary rocks, and that of the great folds by which the whole
region is affected. Hence it would seem to be post-Secondary and
probably post-Eocene. This, however, may not be universally true

;

for I know of cases which lead me to suspect that a cleavage-

foliation existed prior to the great period of subsidence, and the

upraising of the Alps was a more complicated process than is some-

times supposed. On this question, however, I do not at present

feel qualified to enter. I pass it by, merely remarking that the

development of minerals along the crush-planes only takes place

on an important scale in rocks originally crystalline, and even there,

although the general effect is plain, the individual mineral consti-

tuents by which it is produced are for the most part extremely

minute. It is a remarkable fact that, in a certain sense, a sheen

surface is often more conspicuous to the naked eye than it is under

the microscope.

Age of the Gneisses and Crystalline Schists.

A few years since, the following sentence (which is quoted from a

very recent text-book) would have been accepted by most geologists

without hesitation :
—" There are wide regions in which crystalline

schists (a) overlie fossiliferous strata*, or (6) contain intercalated

bands in which fossils occur, or (c) pass either laterally or vertically

into undoubted sedimentary strata." This conclusion is "confidently

drawn " from a series of statements of which, to my personal know-
ledge, several are uncertain, others are either incorrect or inadequate

for the purpose. I must again repeat that observations on such

questions as the relations of the crystalline schists and stratified

rocks, as to apparent similarities or dissimilarities, are of little value

unless they have been made by obseiTcrs well practised not only in

the field but also in the use of the microscope ; hence the statements

of the best observers, in what we may call premicroscopic days,

* The author means in chronological sequence, not by inversion or overthrust.
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cannot now be regarded as conclusive ; and even the opinion of a

skilled microscopist may be of little value unless he has served a

long apprenticeship to this particular kind of work. Its problems

are far more difficult, far more complicated, far more misleading

than those which present themselves in the study of the igneous or

of the ordinary sedimentary rocks. On this I may venture to insist,

as I can speak from personal experience. Pive years, at least, of

fairly hard work have shown me how many of my earlier im-

pressions were incorrect, and how much I have yet to learn in

regard to this vast, but strangely fascinating, subject ; but they have
also given me some confidence in regard to certain general results,

which entitles me to demand a rigid proof of any assertion which
makes against them. I will therefore briefly recapitulate the evi-

dence as to the age of the crystalline rocks in the districts which
I have already described. In the Alps the scJiistes lustrees* (or

uppermost group of schists) have by some geologists been claimed

even as altered Trias. As the above name appears to me to have
been used rather inclusively, it is possible that some portions of

the group may be representatives of Palaeozoic or Mesozoic strata.

In such case, however, it will be found that they are but slightly

altered, and so have no right to be included in it. Confining

myself to the true schists, such as have been described in a former

part of this address, I can only say that they must be much older

than any rock to which we can certainly assign a date. The
Jurassic and Triassic strata of the Alps are, at most, but slightly

altered, even where they have been most tightly nipped between
huge pincers of crystalline rock. It is a misuse of the term, as I

have defined it, to call them schists. Sericite and other secondary

minerals have undoubtedly been developed ; but these (where of any
significance) are on the most minute scale, and one of these " phyl-

lites " has hardly more relation to one of the crystalline mica-schists

than a Hanoverian medal has to a genuine sovereign. In the less

disturbed districts the Secondary strata rest upon the edges of the

crystalline schists, and both are in their normal condition. Base-

ment conglomerates and breccias in the former contain fragments of

the difi'erent types of crystalline rocks, from the coarser gneisses to

some at least of the later schists. In like manner the Carboniferous

rocks of the valley of the Hhone exhibit practically no real approach

to the crystalline schists. To assert that " at Vernayaz, near

Martigny, the Carboniferous strata can hardly be separated from the

schists," is only thus far true, that as in places the base of the

Carboniferous series is a conglomerate or arkose, composed of de-

tritus from the gneiss, and both have undergone great compression,

and have been somewhat decomposed, a spot can now and then be

found where it is difficult to draw the line with absolute precision

;

but, as a rule, although some secondary minerals, generally minute

in size, have, under favourable circumstances, been developed in the

Carboniferous series, the two groups are perfectly distinct. This

* These appear to be identical with the "Biindner Schiefer" of Q-erman-
speaking geologists, those which I have called " Brown-bedded " schists.
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district, in fact, would prove too much for the modern advocate of

regional metamorphism ; for he would have to explain the rapid

passage from a rather coarse gneiss to an ordinary black slate, besides

accounting for the fragments of gneiss in the intervening zone.

I may also remark, after careful examination of a large number
of specimens, that the Alpine gneisses and schists, including even the

latest of those described above, seem to have assumed a thoroughly

crystalline condition before being subjected to the great pressures, of

which, in some cases, they now retain such conspicuous marks. In
regard to the coarser gneisses and older rocks, this obviously follows

from what I have said ; but, I believe, it is no less true of the

Tremola and later schists. The larger flakes of mica, the garnets,

the andalusites, cyanites, and other subsilicates which occur porphy-
ritically in finer- grained schists, possibly also the actinolite of the

Tremola schists (though here, as we might anticipate from a variety

of hornblende, there is something to suggest a recrystallization of

the constituents), appear to be anterior in date to the great earth-

movements. It is true that we cannot be certain that the latter

were pre-Tertiary, but as there is good reason to believe that all the

crystalline schists are pre-Carboniferous, the epoch of their crystal-

lization is thus thrown very far back, because the considerable size

of many of the above minerals, and the fact that inchisions of other

minerals are not extraordinarily numerous, shows that there must
have been much free movement among the constituent molecules of

the rock, and indicates that their aggregation must have taken place

under conditions very different from those of ordinary pressure- or

contact-metamorphism.

The rocks also of the Ardennes, in the valley of the Meuse, are

often quoted as exhibiting instances of regional metamorphism.
These I know well, and have no hesitation in saying that the state-

ment is only true in the most limited sense of the words. It is

quite true that certain secondary minerals have been developed in

the green and black glossy slates, presumably of Cambrian age ; but

between these and the normal mica-schists, there is almost as wide a

gap as between a slate from near Torcross and a schist from the

Lizard.

In Pembrokeshire the conglomerate at the base of the Cambrian
contains occasionally materials which, according to the ordinary rules

of geological reasoning, must have been derived from the so-called

Dimetian rock, as well as rare fragments of crystalline schists not

now exposed at the surface. The underlying tuffs (Pebidian) only

exhibit a development of mica on a very minute scale, and thus they

are no more than embryonic mica-schists. In Anglesey, conglome-

rates which cannot be newer than basement Ordovician, and may
be much older, contain indubitable fragments of the coarse granitoid

gneisses and some of the schists of that island. The coarser beds of

presumably Ordovician age in Cornwall afford indications of pre-

existent schists. The Charlton Hill conglomerate, near the Wrekin,
which is certainly much older than the Lingula Flags and probably

pre-Cambrian, contains Malvernian rocks and schists of ArchaBan
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types. In the Highlands, notwithstanding the structural changes
which some of the Archaean rocks have undergone in subsequent
earth-movements, they can, as a rule, be distinguished from the

Palaeozoic strata, and I have no doubt that patient work by properly

trained observers will prove the same to be true of other districts.

As in the Alps, there will be occasional difficulties, small areas

where I^ature has obliterated all distinctive markings ; but these

prove no more than do gaps in an inscription, or obliterations of

any kind. If among a large "hoard" of shillings of the latter

part of the seventeenth century one were found worn perfectly

smooth, no antiquary would think this an argument for its being a
coin of George III.

It is often asserted that fossils have been found in schists. In
some cases mere imitative markings have been mistaken for or-

ganisms ; in others, if the fossiliferous beds are not infolded between
older crystalline rocks, selective metamorphism has run wild, and
its advocates will find the old saying true, qui prouve trop, ne prouve
rien ; in others the rocks are not schists but slates. One case only

requires serious attention, the Norway micaceous schist with
Silurian fossils. Of this I have hitherto failed to obtain specimens

for examination, but from what I can learn, the rock is one of those

which is far nearer to the group of glossy slates than it is to the

true mica-schists. I may add that the theory of a regular upward
succession from the crystalline series to this fossiliferous rock is, on
Herr Eeusch's own showing, in the highest degree improbable. We
are, then, in this position, that the asserted equivalence of gneiss and
crystalline schists with Palaeozoic or later strata has in no single

instance been the subject of rigid proof ; that the evidence produced

in some cases rests only on a vague use of terms, in others has

broken down hopelessly on examination, so that while it would be

rash in our present state of knowledge to assert that this can never

be, we have a right to assume its improbability, to demand the

clearest proof, and a severe cross-examination of the witnesses.

Origin of the Arclicean Rocks.

If, then, as seems more probable, the great masses of gneisses and
crystalline schists are anterior to the Palaeozoic period, the question

naturally suggests itself. Under what circumstances were they pro-

duced ? If they differ materially from any rocks which have been

subsequently formed, it seems a fair inference that this is due to a

difference of environment ; if we perceive the nearest approach to

them in rocks which have been exposed, in the presence o£ water,

to exceptional heat or pressure, or to both, we should suppose that

they were formed at higher temperatures and under greater pressures,

in short under circumstances more favourable to chemical changes

and mineral development. On the hypothesis that this globe was
formerly an incandescent mass, such a state of things must have once

prevailed ; and as it cooled by the gradual radiation of heat into

space, there must have been an approach, probably at first somewhat
rapid, then more gradual, to the comparatively uniform condition
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which has prevailed since life has left its trace on the pages of the

great Stone Book of iSTature.

Various attempts have been made to describe the genesis of the

earlier Archaean rocks, but at present, as it appears to me, we can do

little more than vaguely conjecture. On the one hand, it seems

clear that many gneisses are formed after compression from granites,

manyhornblende-schists from dolerites, and possibly some other schists

may be the result of mineral change in igneous rocks of suitable

constitution. At the same time, as I have shown, some even among
the oldest gneisses exhibit structures which appear to distinguish

them from granites, and the presence of limestones suggests at any
rate some kind of stratification or stratified precipitation. The
indications of sedimentation become more clear as we ascend in

the series, so that we cannot avoid assigning a sedimentary origin

to many of the bedded gneisses, schists, limestones, quartzitcs, &c.

Some have suggested that among these oldest gneisses we have

]-epresentatives of the earliest crust of the globe, though modified by
subsequent mineral change, and that we may see in them the roots

of primaeval volcanoes and metamorphosed remnants of their associ-

ated beds of ashes. This may well be, for we should expect that

for a time, after the first solidification of the globe, volcanic action

(as in the phase of history stereotyped by the moon) would be more
universal and on a grander scale than it has ever been since. But,

unfortunately, we have little to guide us as to the nature of the

structures which would be assumed by volcanic materials under

circumstances such as these.

A very learned and ingenious attempt has recently been made by
Dr. Sterry Hunt to explain the origin of the crystalline rocks. By
his hypothesis, termed the Cre7ietic, the primary crust of the globe,

last solidified by cooling from a state of igneous fluidity, is supposed

to have been a basic quartzless rock. This is conceived to have been

fissured and rendered porous during crystallization and refrigeration,

so as to have become permeable to considerable depths to the waters

subsequently precijDitated upon it. By their action, the crystalline

stratiform rocks (the fundamental granites and the granitoid gneisses)

were derived from it. Subsequent disturbances would corrugate

and elevate these, giving rise to fissures from which the underlying

basic stratum would be erupted, and from the subaerial decay of

the two types new factors would be introduced into the rock-forming

processes, and the more variable later gneisses and schists produced.

This hypothesis, no doubt, accounts for many facts, and is a suggestive

and valuable contribution to the solution of a complicated problem.

At the same time, I must remark that the author regards the subject

too exclusively from the point of view of a chemist, and takes more
for granted than appears to me warranted by the facts of Nature,

as learnt in the field, or from study of rock- structures under the

microscope ; bat while I think some of the petrologioal statements

dubious, some of the proposed stratigraphical orders improbable, and
some of the generalizations too sweeping, I must say that the

tendency of the evidence which he has brought together so labori-
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ously and marshalled so skilfully, is in favour of the idea that the

crystalline schists and gneisses were formed in Archsean ages under
conditions which have never subsequently recurred in any large

area of the globe.

My own investigations, as wiJl have been inferred from the fore-

going remarks, have led me to consider a like conclusion as the most
probable. On the one hand the phenomena of contact-metamorphism,

on the other those of pressure-metamorphism, throw considerable

light on the genesis of crystalline schists. But they afford only a par-

tial explanation ; each illustrates rather than elucidates. Something
also may be learnt from the phenomena of veins—there, for example,

the formation of felspar, apparently so difficult in the other two
cases, appears to be easy. Still something more seems wanting,

some cause or causes, universal rather than local, general rather

than exceptional, the results of which in Palaeozoic and later periods

have been imitated rather than equalled. Heat, water, pressure,

have, no doubt, had their share in producing the result, but they

appear to have cooperated over vast areas of the earth's crust in a

way that seems inconceivable under existing conditions.

Transitional Forms.

It must be remembered that whichever hypothesis be adopted to

explain the orgin of the gneisses and crystalline schists, whether we
regard them as results of conditions prevalent only in Archaean

times, or as due to regional metamorphism acting on Pateozoic or

later deposits, transitional forms must exist. On the one hand
there would be a gradual approximation to the conditions which
prevailed at the commencement of the Palaeozoic series, which epoch,

it must be remembered, cannot be supposed to correspond with any
universal break in the history of the globe. On the other, we should

expect to find every graduation, from the most marked effects of

regional metamorphism till it became practically inoperative. Thus
some of the rocks in our own island which occur beneath the base

of the Cambrian, those properly called Pebidian, do not, to use the

ordinary phrase, exhibit much more metamorphism than those next

above in succession. But, as it happens, in those regions known to

myself, these transitional forms are rare, and it would seem as if, in

our own island, while the concluding page was torn away from the

Archaean volume, a whole chapter at least was missing from near

the end, of which, however, the careful searching of conglomerates

may restore to us some fragments. The break seems even greater in

those parts of Europe and Korth America of which I have any know-
ledge. I think, however, that this rarity of transitional forms—of

hypometamorphic rocks—is some argument in favour of the Archaean

age of gneisses and crystalline schists ; for if they were the result of

regional metamorphism acting on sediments of later date, transi-

tional forms should be common. Instances are numerous where the

Palaeozoic rocks have been depressed to great depths and buried

beneath thousands of feet of later deposits, or have been exposed to

the action of immense lateral pressure
;
yet in any case where the
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non-Archaean age of the deposit is known, we find that the results of

metamorphism are comparatively slight, and that the schistose rock

thus produced is very far removed from a true schist. Further,

when these are underlain by gneisses and crystalline schists, as in

the Alps, there is not a gradual transition into the latter, but an
abrupt change. Now if a gradual transition could only be found as

we passed downwards from the lowest Palaeozoic rocks through

the upper part of the Archaean series, instances of this (as repre-

senting one period only of the earth's history, and one of which the

rocks were less resistant than their highly crystalline predecessors)

would naturally be rarer.

The Correlation of Arclicean Rocks.

Let us now see what lithological parallels suggest themselves

between the rocks of the regions noticed in this address. In doing

this we must as far as possible make allowance for the results of

subsequent compression and crushing, and found our comparisons

either upon uninjured specimens which may sometimes be found, or

those in which what we may term " a restoration " is not difficult to

the practised eye. We may also, if due caution be exercised, use

for comparison rocks which, after similar treatment, present marked
lithological identities.

There is a very close resemblance between the Laurentian gneiss

of Canada and the Hebridean of Scotland (in which may be included

certain rocks of the Central Highlands *). In many cases I could

only distinguish a Canadian from a Scotch specimen by its label,

llany similarities to these may be noted in the coarse gneissic and
granitoid rocks of Anglesey, and with them we may venture to com-
pare the granitoid rocks near Caernarvon. Some of the gneisses of

the Malvern Hills and the Wrekin district seem to me onlj to exhibit

varietal differences ; and those which I have described as occurring in

the lowest part of the Alpine series (1) and (2), notwithstanding

differences in colour and more indications of an igneous origin, appear

to me generally identical. The coarse gneisses of the Schwartz-

wald and Odenwald, and other districts in Central Germany, have also

a Laurentian facies, which, however, is generally admitted.

The resemblance between the Lepontine gneisses (3) and Casanna
series (4) of the Alps and the Montalban series of America is very

striking ; and to these we often find close parallels in the more
micaceous gneisses and mica-schists, often rich in garnets, of the
Highlands. I have seen specimens of so-called Hurouian of similar

types. It is possible that some of the so-called gneisses (fine-

grained) of Anglesey may bo correlated here ; but my specimens (in-

cluding some of the rock claimed as halleflinta) would be more
properly designated quartzose mica-schist, and in general structure

remind me of Alpine rocks that lie at a slightly higher horizon. It

is very probable that some of the quartzose schists abundant in the
Central Highlands (e.cj. on the Highland Eailway above Blair Athol

* E. g. from near Loch Shiel, as described by Dr. Hicks, whom I have to
thank for specimens (see Q. J. G. S. vol. xxxix. p. lo5).
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and about Aclinasheen) occupy this position in the series. The
greenish and lead- coloured schists, with quartzites, in Anglesey,

the Cornish schists (though perhaps these are rather older), and
those of South Devon, present many resemblances to members of

the uppermost zone of the metamorphic rocks of the Alps ; and
to these I should refer some of the more crystalline Huronians.
The remainder of the Huronians and the red felstones of Canada
closely resemble the true Pebidians (including the rhyolites of N'orth

Wales).

It has been often urged that these comparisons are idle ; that they

must be made with extreme caution no one feels more strongly than
myself. I think observers have frequently been much too hasty in

inferring similarities and asserting discordances. I should make
every group as inclusive as possible, and I shrink, almost nervously,

from proposing distinctive names. But what is our position ? We assert

without fear of contradiction, that every attempt to show that any
of these gneisses and schists are metamorphic strata of Palgeozoic age

has broken down on examination. They are always much older than
any rock which we can date ; some are indubitably long anterior to

the Cambrian epoch. So complete has been the failure of these

attempts, that we have a right to demand as unprejudiced judges that

all the evidence in their favour should be regarded with suspicion,

like that of discredited witnesses. Schists and gneisses may be

metamorphosed Palaeozoic shales, but the onus jprohandi, according to

all the rules of evidence and of reasoning, now lies upon the person

who asserts it, and there is so muchagainst the antecedent probability

of such an identification, that it can only be admitted on the very

clearest evidence.

If, then, these schists and gneisses are Archaean or Azoic or Eozoic

(I regard the name as a very secondary matter), if they are mostly

long anterior to the Cambrian, and if in various regions we observe

increased metamorphism in a downward direction, and progressive

evidence of some kind of stratification in an upward, together with
a stratigraphical succession and lithological correspondences not

rare but frequent, it seems to me that, as we can have no other means
of comparison or correlation, we may fairly use this as a working
hypothesis. It will, at any rate, facilitate our labours, and cannot,

I think, do anything but good, if we are careful to remember that

it is only an hypothesis, and so apply to it honestly the test of every

fact that in the process of our work we can regard as established.

If these strata are of great antiquity, if they are the record of a

very early period in the earth's history in which at first a condition

of things wholly different from the present must have prevailed, and
if there was a gradual approach to those more in accordance with

the present, it is highly probable that similarities of environment,

and uniformities of deposits would prevail over areas far larger than

is now the case. Chemical action, at a time when the earth's crust and
atmosphere were at a higher temperature than in later days, would be

more intense than now
;
precipitation and sedimentation would

differ widely in their results when the solvent agents differed and
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the materials operated upon were more uniform. Homotaxis is

recognized as a great principle in the life-history of the earth ; that

a like order should prevail in the development of its earliest rocks,

does not seem an iraprohable hypothesis.

The one path is supported by a considerable number of ascertained

facts and apriori probabilities inferred from physical considerations
;

the other is strewn with the debris of mistaken observations and
exploded hypotheses. The one, though strait and hard, offers some
hope of leading us at last to the light of truth ; the other, though at

first it seemed broad and easy, has been proved to be the way of

darkness and of error. Those who, like myself, have been at the

pains of testing the asserted evidence in its favour, know how it

has been bolstered up by incorrect observations, unproved assertions,

untested assumptions, and inferences founded sometimes on super-

ficial similarities, sometimes on a mere juggling with words, which
is more worthy of the schools of the sophists than of the earnest

searcher after truth. If progress is to be made in this branch of

petrology, if the veil that hangs over the first beginning of this

globe's history is ever to be raised, it must be done by free and in-

dependent investigation, by the most careful scrutiny of nature, by
strict attention to the meaning of words, and by the honest and
unflinching use of those processes of induction which are the foun-

dation of all true science.

My last duty is to thank you for the patience with which you have
listened to this long and somewhat discursive address, and, even more
heartily, for the unvarying kindness which, during the last eight

years, and especially since I became your President, I have received

from the Officers, the Council, and the other Pellows of the Society.

I retire from office with a deep sense of the honour which you have

conferred upon me, and the friendly spirit in which you have re-

ceived my endeavours to serve the Society. So pleasant has the

work been made that I might relinquish the chair with some regret

did I not greet as my successor a valued friend and colleague, who
will fulfil its duties with no less zeal, and who, as a geologist, is

more worthy than myself of so great a distinction.

VOL. XLII.
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February 24, 1886.

Prof. J. W. JuDD, F.R.S., President, in the Chair.

William Barns Kinsey, Esq., M. Inst. C.E., 9 Carteret Street,

Queen Anne's Gate, Westminster, and Henry Maurice Platnauer,

Esq., Assoc. E.S.M., 5 Mo ant Terrace, York, were elected Fellows
;

and Professor Juan Yilanova y Piera, The University, Madrid, a

Foreign Correspondent of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. " On two Rhaetic Sections in Warwickshire." By Eev. P. B.

Brodie, M.A., F.G.S.

2. "On the Basement-beds of the Inferior Oolite of Gloucester-

shire." By E. Witchell, Esq., F.G.S.

3. " On the Pliocene Beds of St. Erth." By Percy F. Kendall,

Esq., and Robert G. BeU, Esq., F.G.S.

The following specimens were exhibited :

—

Rock-specimens and fossils, exhibited by E. Witchell, Esq., F.G.S.,

in illustration of his paper.

Fossils from the Pliocene Beds of St. Erth, exhibited by P. F.

Kendall, Esq., and Robert G. Bell, Esq., F.G.S., in illustration of

their paper.

Six large water-colour pictures of various places of geological

interest, exhibited by the artist, P. Brannon, Esq.

March 10, 1886.

Prof. J. W. JuDD, F.R.S., President, in the Chair.

Jonathan C. B. P. Seaver, Esq., Geelong, near Mudgee, W. S. Wales,
was elected a Fellow of the Society,

The List of Donations to the Library was read.

The following communications were read :

—

1. ''On the Alteration of coarsely Spherulitic Rocks." By Gren-

ville A. J. Cole, Esq., F.G.S.
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2. "Account of a Well-sinking made by the Great Western
Kailway Company at Swindon." By Horace B. Woodward, Esq.,
r.G.S. With Lists of Possils, by E. T. K'ewton, Esq., P.G.S.

The following specimens were exhibited :

—

Rock-specimens and microscopic sections, exhibited by G. A.J. Cole,
Esq., in illustration of his paper.

Rocks and fossils from the Swindon Well, exhibited by the
Geological Survey.

March 24, 1886.

Prof. J. W. JuDD, E.R.S., President, in the Chair.

The List of Donations to the Library was read.

The following communications were read :

—

1. "On the Genus Dijp'hyjj'hyllum, Lonsdale." By James Thom-
son, Esq., E.G.S.*

2. " On additional Evidence of the Occurrence of Glacial condi-

tions in the Palseozoic Era, and on the Geological Age of the Beds
containing Plants of Mesozoic type in India and Australia." By
Dr. W. T. Blanford, E.R.S., Sec. G.S.

The following specimens were exhibited :

—

Specimens of DipTiypliyUum, exhibited by James Thomson, Esq.,

E.G.S., in illustration of his paper.

Six specimens of Conularice, and three small pebbles from the

Salt Range, exhibited by A. B. Wynne, Esq., F.G.S., in illustration

of Dr. Blanford's paper.

April 7, 1886.

Prof. J. W. JiJDD, F.R.S., President, in the Chair.

Edward George Aldridge, Esq., Trevor House, 18 Talbot Road,
Bayswater, W. ; Charles Brownridge, Esq., Horsforth, near Leeds,

Yorkshire ; James Dennant, Esq., Hamilton, Victoria, Australia

;

Charles Lane, Esq., " Public Ledger" Office, 6 St. Dunstan's Passage,

E.C. ; Prof. H. Cai-vill Lewis, Philadelphia, U.S.A. ; and William
Matthews, Esq., Assoc. Memb. Inst. C.E., Municipal Offices, South-

ampton, were elected Eellows of the Society.

* This paper has been withdrawn by the Author, by permission of the Council.
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The List of Donations to the Library was read.

The following communications were read :

—

1. " On Glacial Shell-beds in British Columbia." By G. W.
Lamplugh, Esq. Communicated by Clement Reid, Esq., F.G.S.

2. " On a Lower Jaw of Machcerodus from the ' Eorest-bed,'

Kessingland." By James Backhouse, Esq., F.G.S.

3. " A Contribution to the History of the Cetacea of the Norfolk

'Eorest-bed.' " By E. TuUey Newton, Esq., E.G.S.

The following specimens were exhibited :

—

A series of Plant-remains from the Cromer Eorest-bed, exhibited

by Clement Reid, Esq., E.G.S.

Specimens from the Shell-beds in British Columbia, exhibited by
G. W. Lamplugh, Esq., in illustration of his paper.

Specimens from the "Eorest-bed " exhibited by James Backhouse,

Esq., E.G.S., and E. Tulley Newton, Esq., E.G.S., in illustration of

their papers.

April 21, 1886.

Prof. J. W. Jtjdd, E.R.S., President, in the Chair.

Henry Eisher, Esq., 30 Abingdon Street, Blackpool ; Frederick

Edwin Harman, Esq., care of Messrs. Dunster and Chapman,
1 Henrietta Street, Cavendish Square ; Henry Johnson, Esq., Trindle

Koad, Dudley ; Edward AUoway Pankhurst, Esq., 12 Clifton Road,

fcghton ; and Henry Woolcock, Esq., Memb. Inst. C.E., Rickerby

House, St. Bees, near Carnforth, were elected Fellows of the

Society.

The List of Donations to the Library was read.

The President announced the changes made in the Staff of the

Society, and the appointment of Mr. Francis E. Brown as an
Assistant.

The following communications were read :

—

1. *'0n a certain Fossiliferous Pebble-band in the 'Olive group'

of the Eastern Salt Range, Punjab." By A. B. Wynne, Esq., E.G.S.

2. " On the Phosphatic Beds in the Neighbourhood of Mons."

By M. F. L. Cornet, For.Corr.G.S.
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The following specimens were exhibited :

—

Six specimens of Conularia and three small pebbles from the

Salt Range, exhibited by A. B. Wynne, Esq., F.G.S., in illustration

of his paper.

A series of specimens from the Phosphatic beds of Mons, exhibited

by M. F. L. Cornet, For.Corr.G.S., in illustration of his paper.

May 12, 1886.

Prof. J. W. JrDD, F.U.S., President, in the Chaii*.

Matthew Blair, Esq., Oakshaw, Paisley, was elected a Fellow, and
Professor H. Bosenbusch, of Heidelberg, a Foreign Correspondent of

the Society.

The List of Donations to the Library was read.

A series of specimens from the Phosphatic beds of Mons, which

were exhibited by M. F. L. Cornet, Forr.Corr.G.S., in illustration of

his paper read on the 21st April, were presented by him to the

Society's Museum.

The following communications were read :

—

1. " On the Maxilla of Iguanodon.^' By J. W. Hulke, Esq.,

F.B,.S., F.G.S.

2. " Notes on the Distribution of the Ostracoda of the Carboni-

ferous Formations of the British Isles." By Prof. T. Rupert Jones,

F.B.S., F.G.S., and J. W. Kirkby, Esq.

3. " Note on some Yertebrata of the Red Crag." By R. Lydekker,

Esq., F.G.S.

4. " The Pleistocene Succession in the Trent Basin." By R. M.
Deeley, Esq., F.G.S.

5. " On the Existence of a Submarine Triassic Outlier in the

English Channel off the Lizard." By R. N. Worth, Esq., F.G.S.

The following specimens were exliibited :

—

A specimen of the greater portion of the left Upper Jaw of lifU'i-

)ioclon, exhibited by J. W. Hulke, Esq., F.R.S., F.G.S., in illustration

of his paper.

Specimens of remains of Yertebrata from the Red Crag, exhibited

by R. Lydekker, Esq., F.G.S., in illustration of his paper.
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A series of specimens of the Pleistocene deposits of the Trent
basin, exhibited by E. M. Deeley, Esq., P.G.S., in illustration of his

paper.

May 26, 1886.

Trof. J. W. Jfdd, P.E.S., President, in the Chair,

John Allan Brown, Esq., 7 Kent Gardens, Ealing, W., was elected

a Fellow of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. " Purther Proofs of the Pre-Cambrian Age of certain Granitoid,

Pelsitic, and other Eocks in North-western Pembrokeshire." By
Henry Hicks, M.D., E.E.S., P.G.S.

2. " On some Eock-specimens collected by Dr. Hicks in North-
western Pembrokeshire." By Prof. T. G. Bonney, D.Sc, LL.D.,

P.E.S., P.G.S.

3. " On the Glaciation of South Lancashire, Cheshire, and the

Welsh Border." By Aubrey Strahan, Esq., M.A., P.G.S., H.M.
Geological Survey. By permission of the Director-General.

The following specimens were exhibited :

—

A series of specimens and microscopic rock-sections from North-

western Pembrokeshire, exhibited by Dr. H. Hicks, P.E.S., in illus-

tration of his and Prof. Bonney's papers.

A bar of wrought-iron showing two series of crystalline cleavage-

planes at right angles to each other, exhibited by James Love, Esq.

P.G.S.

June 9, 1886.

Prof. J. W. Jtjdd, P.E.S., President, in the Chair.

The List of Donations to the Library was read.

The following names of Pellows of the Society were read out for

the first time in conformity with the Bye-laws, Sec. YI. B, Art. 6,

in consequence of the non-payment of the arrears of their contribu-

tions :^James Duigan, Esq., Henry Pisher, Esq., Eev. Edouard

Mechin, Thomas Parton, Esq., Dr. George Eogers, Lt.-Col. J. D.

Shakespear, E. Simpson-Baikie, Esq., Eev. T. E. Woodhouse, and

James Wood Mason, Esq.
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The following commuiiications were read :

—

1. "On the Volcanic Rocks of North-eastern Fife." By James
Durham, Esq., P.G.S., with an Appendix by the President.

2. "On some Eruptive Eocks from the Neighbourhood of St.

Minver, Cornwall." By Frank E,utley, Esq., F.G.S.

3. " The Bagshot Beds of the London Basin." By H. W. Monck-
ton, Esq., F.G.S., and R. S. Herries, Esq., B.A., F.G.S.

The following specimens were exhibited :

—

Rock-specimens and microscopic sections, exhibited by Prof. J.

W. Judd, F.R.S., Pres.G.S., and James Durham, Esq., F.G.S., in

illustration of their paper.

Rock-specimens and microscopic sections, exhibited by Frank
Rutley, Esq., F.G.S., in illustration of his paper.

Fossils and specimens from the Bagshot Beds, exhibited by H. W.
Monckton, Esq., F.G.S., and R. S. Herries, Esq., F.G.S., in illustra-

tion of their paper.

June 23, 1886.

Prof. J. W. Judd, F.R.S., President, in the Chair.

The List of Donations to the Library was read.

The following names of Fellows of the Society were read out for

the second time in conformity with the Bye-laws, Sec. YI. B, Art. 6,

in consequence of the non-payment of the arrears of their contribu-

tions :—James Duigan, Esq., Henry Fisher, Esq., Rev. Edouard
Mechin, Thomas Parton, Esq., Dr. George Rogers, Lt.-Col. J. D.
Shakespear. E. Simpson-Baikie, Esq., Rev. T. E. Woodhouse, and
James Wood Mason, Esq.

The President announced that he had received from Prof. Barrois

an intimation that the Geological Society of France would hold a

special country meeting in the District of Finistere from the 19th to

the 28th of August next, during which a variety of interesting ex-

cursions would be made under the guidance of MM. Barrois, Davy,
and Lebesconte. Prof. Barrois, in writing, expressed the pleasure

which it would give the Members of the Geological Society of France
if they were joined by some of their English confreres, but at the

same time stated that as the accommodation for travellers was
limited in the district, he would be glad to have timely notice from
any one intending to take part in the meeting.
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The following communications were read :

—

1. " On some Perched Blocks and Associated Phenomena." "By-

Prof. T. M^Kenny Hughes, M.A., JF.G.S.

2. " On some derived fragments in the Longmynd and newer
Archaean Eocks of Shropshire." By Dr. Charles Callaway, F.Gr.S.

3. " Notes on the Eolations of the Lincolnshire Carstone." By
A. Strahan, Esq., M.A., P.G.S.

4. " The Geology of Cape-Breton Island, Nova Scotia." By Edwin
Gilpin, Esq., Jun., A.M., E.E.S.C., E.G.S., Inspector H.M.'s Mines.

5. " On the Decapod Crustaceans of the Oxford Clay." By
James Carter, Esq., E.G.S.

6. " Some WeU-sections in Middlesex." By W. Whitaker, Esq.,

B.A. Lond., E.G.S.*

7. "On some Cupriferous Shales in the Province of Houpeh,
China." By H. M. Becher, Esq., F.G.S.

8. *' The Cascade Anthracitic Coal-field of the Eocky Mountains,

Canada. By W. Hamilton Merritt, Esq., E.G.S.

9. " On a new Emydine Chelonian from the Pliocene of India."

By E. Lydekker, Esq., B.A., F.G.S.

10. " On certain Eocene Formations of "Western Servia." By Dr.

A. B. Grifaths, F.E.S.E., F.C.S. Communicated by the President.

The following specimens were exhibited :

—

Eock-specimens and microscopic sections, exhibited by Dr. C.

Callaway, F.G.S., in illustration of his paper.

Specimens of Decapod Crustaceans from the Oxford Clay, exhi-

bited by James Carter, Esq., F.G.S., in illustration of his paper.

Specimen of an Emydine Chelonian from the Pliocene of India,

exhibited by E. Lydekker, Esq., F.G.S., in illustration of his paper.

* This paper has been withdrawn by the Author, by permission of the Council.



ADDITIOIs'S

TO THE

LIBEAEY AND MUSEUM OP THE GEOLOGICAL SOCIETY.

Session 1885-86.

I. ADDITIONS TO THE LIBRARY.

1. Peeiodicals and Publications of Leakned Societies.

Presented hy the respective Societies and Editors, if not otherwise

stated.

Academy. Nos. 686-712. 1885.

. Nos. 713-737. 1886.

Adelaide. Royal Society of South Australia. Transactions and
Proceedings and Report. Vol. vii. 1883-84. 1885.

J. Stirling. Notes on a Geological Sketch-Section through the Aus-
trahan Alps, 1.—S. Dixon. Notes on the supposed Coal-beds of the

Fitzgerald River, 9.—R. Tate. Notes on the Physical and Geological

Features of the Basin of the Lower Murray River, 24.

Analyst. Yol. x. Nos. 112-117. 1885.

. Yol. xi. Nos. 118-122. 1886.

Annals and Magazine of Natural History. Ser. 5. Yol. xvi. Nos.

91-96. 1885. Purchased.

S. H. Scudder. Notes on Mesozoic Cockroaches, 54.—R. Kidston.

On the Relationship of Ulodendron, Lindley and Button, to Lejndoden-

drmi, Sternberg ; Bothrodendron, Lindley and Hutton ; Sigillaria, Brong-
niart ; and Rhytidodendron^ Boulay, 162, 239.—F. Toula and J. A. Kail.

On a Crocodile-skull from the Tertiary Deposits of Eggenburg in Lower
Austria, 236.

. . Ser. 5. Yol. xvii. Nos. 97-102. 1886. Purchased.

H. A. Nicholson and R. Etheridge, jun. On the Tasmanian and
Australian Species of the Genus Stenopora, Lonsdale, 173.—H. A.
Nicholson. On some new or imperfectly known Species of Stromatopo-
roids, 225.—G. J. Hinde. Sj/stricrinits, Hinde, versus Arthroacant/ia^

WiUiams : a Question of Nomenclature, 271.—J. N. Woldrich. On the

Question of the Origin of the European Races of Dogs, 295.—T. Rupert
Jones. Notes on the Palaeozoic Bivalved Entomostraca : No. XX. On the

Genus Beyrichia and some new Species, 337.—H. A. Nicholson and A. H.
Foord. On a new Genus of Devonian Corals, with Descriptions of some
Species of the same, 389, 518.—T. Rupert Jones. Notes on the Palaeozoic

Bivalved Entomostraca : No. XXI. On some Silurian Genera and Species,

403.
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Athenseum (Journal). Nos. 3008-3036. 1885.

. Nos. 3037-3060. 1886.

. Parts 690-696. 1885.

^
. Parts 697-702. 1886.

Pallaarat. School of Mines. Annual Heport, 1886. 1886.

Barnsley. Midland Institute of Mining, Civil, and Mechanical

Engineers. Transactions. Vol. x. Parts 76-80. 1885 and
1886.

Basel. I^aturforschende Gesellschaft. Yerhandlungen. Theil vii.

Heft 3. 1885.

. Schweizerische palaontologische Gesellschaft. Abhandlun-
gen. Vol. xii. 1885. 1885. Purchased,

G. Maillard. Supplement a la MoDOgraphie des Purbeckien du Jura.

—P. de Loriol. Premier supplement a rechinologie helvetique.

Bath. Natural-History and Antiquarian Field Club. Proceedings.

Yol. vi. No. 1. 1886.

J. McMurtrie. Notes on the Occurrence of Salt Springs in the Coal
Measures of Radstock, 84.—H. H. Winwood. List of Fossil Mammaha
found near Bath, 95.

Belfast. Natural-History and Philosophical Society. Report and
Proceedings for the Session 1884-85. 1885.

. Naturalists' Field Club. Annual Report and Proceedings.

Ser. 2. Yol. ii. Part 5 (1884-85). 1886.

Wm. Swanston. Lignites and Silicified Wood of Lough Neagh, 354.

—H. W. Lett. Remains of Red Deer at Maralin, 378.—J. Wright.
Cretaceous Foraminifera of Keady HiU. Appendix ix. No. 4.

Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band xxxvii.

Hefte 2-4. 1885.

J. Walther. Die gesteinsbildeiideu Kalkalgen des Golfes von Neapel
und die Entstehung structurloser Kalke, 329.—F. Hilgendorf. Die
Steinheimer Giirtelechse Propseudopus Fraasii, 358.—J. Felix. Kritische

Studien iiber die tertiare Korallen-Fauna des Vicentins nebst Beschrei-

bung einiger neuer Arten, 379.—W. Branco. Ueber einige neue Arten
von Grapliularia und iiber tertiare Belemniten, 422.—G. Gurich. Ein
neues Fossiles Holz aus der Kreide Armeniens nebst Bemerkungen iiber

palseozoische Holzer, 433.—A. Sauer. Mineralogische und petrogra-

phische Mittheilung aus dem sachsischen Erzgebirge, 441,—H. Eck.
Das Lager des Ceratites antecedens, P^^yr-j ii^i schwabischen Muschelkalk,
466.—H. Sanner. Beitrage zur Geologie der Balkan-Halbinsel, 470.

—

Franz Toula. Ueber einige von Herrn H. Sanner im Sliven-Balkan
gesammelte Fossilien, 519.—H. Kunisch. Ueber den Unterkiefer von
Mastodonsaurus silesiaais, n. sp., 528.—A. Schenk. Ueber die geologische
Verhaltnisse von Angra Pequenna, 534—J. Walther. Ueber geologische
BeobachtuDgen im Golf von Neapel, 537.—F. Schmidt. Nachtragliche
Mittheilungen iiber die Glacial- und Postglacialbildungen in Ehstland,
539.—E. Dathe. Ueber schlesische Culmpetrefacten, 542.—G. Wiirttem-
berger. Ueber den oberen Jura der Landgrube bei Goslar, 559.—H.
Kunisch. Dactylolepis gogolinensis, nov. gen., nov. spec, 588.—E.

Holzapfel. Ueber die Fauna des Aachener Sandes und seine Aquiva-
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lente, 595.—C. A. Tenne. Ueber Gesteine des Cerro de las Navajas
(MesserlDerg) in Mexico, 610.—G. Renter. Die Beyrichien der obersilur-

isclien Diluvialgeschiebe Ostpreussens, 621.—A. Arzrimi. Ueber einen
Paragonit-Schiefer vom Ural, 380.—H. Credner. Die Stegocepbalen aiis

den Rotliliegenden des Plaiien'schen Grundes bei Dresden, 694.—0, W.
Schmidt. Die Lipaiite Islands in geologischer und petrograpbischer

Beziebung, 737.—F. J. P. van Calker. Diluviales aus der Gegend von
Neu-Amsterdam, 792.—T. Ebert. Ueber ein Koblenvorkommen in west-
preussischen Diluvium, 803.—G. Berendt. Das unterdiluviale Alter des
Joacliimstbal-Oberberger Gescbiebewalles, 804.—P. Wagner. Ueber
neuere Versteinerungsfund im Potb und Muschelkalk von Jena, 807.

—

H. Eck. Trichasteropsis cilicia, Qaenst. sp., aus norddeutscben Muschel-
kalk, 817.—F. AVinterfeld. Ueber quartare Mustelidenreste Deutsch-
lands, 826.—A. Arzruni. Untersucbung einiger granitiscber Gesteine des

Urals, 865.—F. Wahnscbafte. Mittbeilungen liber das Quartar am
Nordrande des Harzes, 897.—E. Waldschmidt. Ueber die devoniscbe

Scbichten der Gegend von Wildungeu, 906.—F. Frecb. Ueber das
Kalkgeriist der TetrakoraUen, 928.—F. Frecb. Nacbtrag zur " Korallen-

fauna des Oberdevons in Deutscbland," 948.—J. Lemberg. Zur Kenntuiss

der Bildung und Umbildung der Silicate, 959.—F. Zirkel. Ueber Gesteine

des Cerro de las Navajas in Mexico, 1011.—A. Reniele. Bemerkungen iiber

die geologiscbe Stellung des Joacbimstbal-Lieper Gescbiebewalles, 1014.

Berlin. Deutsche geologiscbe Gesellschaffc. Zeitschrift. Bandxxxviii.

Heft 1. 1886.
_

0. Bebrensen. Die jurassiscben Ablagerungen von Lecbstedt bei Hil-

desheim, 1.—E. Tietze. Die Versucbe einer Gliederung des unteren

Neogen in den osterreicbiscben Landern, 26. —K. Dalmer. Beitrag zur

Kenntniss der Granitmassen des Ober-Engadins, 139.—H. Eck. Bemer-
. kungen iiber das rbeiniscb-scbwabiscbe Erdbeben vom 24 Januar 1880,

150.—A. Heim und A. Penck. Aus dem Gebiet des alten Isargletscbers

und des alten Lintbgletscbers, 161.—W. Deecke. Ueber Lariosawus
und einige andere Saurier der Lombardiscben Trias, 17('.—C, Scbwerdt.
Untersucbungen iiber Gesteine der" cbinesiscben Provinzen Scbantung und
Liantung, 198.—R. Brauns. Bimssteine auf primarer Lagerstatte von
Gorzhausen bei Marburg, 234.—A. Scbenk. Zur Geologie von Angra
Pequenna und Gross-Namaqualand, 236.—J. Waltber. Die Function der

Aptychen, 241.

. Gesellschaft naturforschender Freunde. Sitzungs-Berichte.

Jahrgang 1885. 1885.

K. A. Lossen. Ueber das Auftreten metamorpbiscber Gesteine in den
alten palaozoischen Gebirgskernen von den Ardennen bis zum Altvater-

gebirge und iiber den Zusammenbang dieses Auftretens mit der Falten-

verbiegung (Torsion), 29.—W. Dames, Ueber Loriculina NosUingi, nov.

sp., von Sahel Alma vom Libanon, 151.—F. Hilgendorf. Ueber cre-

taciscbe Squilliden-Larven vom Libanon, 184.—A. Nebring. Ueber den
Metacarpus eines sebr grossen Pferdes aus dem Diluvium von Mosbach
bei Wiesbaden, 187.

. Koniglich-preussische Akademie der Wissenschaften. Sit-

zungsberichte, 1885. Nos. 1-52. 1885-86.

F. Notling. Ueber Crustaceen aus dem Tertiiir ^gyptens, 487.—J.

Roth. Ueber die von Hrn. Dr. Paul Gussfeldt in Chile gesammelten
Gesteine, 563.—C. Rammelsberg. Ueber die Gruppe des Skapolitbs, 589.

— V. Notling. Vorlaufiger Bericht iiber die geognostische BeschafFenheit

des Ost-Jordanlandes, 807.—G. Berendt. Das Tertiiir im Bereiche der

Mark Brandenburg, 863.

12
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Berlin. Palaeontologische Abhandlungen. Band ii. Heft 5,

1885. Purchased.

r. Romer. Lethaea erratica oder AufziiHimg imd Beschreibnng der

in der norddeutschen Ebene vorkommenden Diluvial-GescMebe nordisclier

Sedimentar-Gesteine.

. —— . Band iii. Hefte 1 & 2. 1885. Purchased.

G. Holm. Ueber die innere Organisation einiger siluriscber Cephalo-
poden.—E. Koken. Ueber fossile Saugethiere aus Obina.

. Zeitscbrift fiir das Berg-, Hiitten- und Salinenwesen.

Bande iii., iv., v., vi. Lief. 2-4, vii., viii., ix., xii. Lief. 1-3, xiii.

to XXX., and xxxi. Lief. 1, 3, 4. 1855-83. Presented hy John
Darlington, Esq.

. . Bande i., ii., vi. Lief. 1, x., xi., xii. Lief. 4., xxxi.

Lief. 2, xxxii. 1853-84. Presented hy the Ministerium der

Offentliche Arheiten.

. . Band xxxiii. 1885.
E. PfeifFer. Bildiing der Salzlager, mit besonderer Beriicksicbtigung

des Stassfurter Lagers, 71.—A. Nettekoven. Mittbeilungen iiber einen

Besuch des Erzrevieres von Roros in Norwegen ini September 1884, 79,

—G. Kobler. Verscbiebungen yon Lagerstatten und Gesteinsschicbten,

87.—V. Groddeck. Ueber das Vorkommen von Quecksilbererzen am
Avala-Berge bei Belgrad in Serbien, 112.

. . Band xxxiv. (1886) Lief. 1 & 2, with Atlas, Taf. i.-vi,

1886.
Pinno. Bemerkungen iiber das Vorkommen und die Verwertbung der

Bogbead-Koble und der olfiibrenden Scbiefer in Scbottland, 129.—E.

Reyer. Ueber die Goldwinnung in Californien, 1.—G. Haupt. Die
Gangverbaltnisse der Kupfererzgruben Alt und Neue Constanze bei

Dillenbm'g, 29.

Bern. Schweizer Alpenclub. Jabrbuch. Jabrgang 20 (1884-85).
1885. Also Beilagen. Purchased.

F. A. Forel. Les variations periodiques des glaciers des Alpes, 281.

Birmingham Philosophical Society. Proceedings. Yol. iv. Part 2
(1884-85). 1885.

F. T. S. Houghton. Note on a Deposit of White Sand near the Little

Orme's Head, 432.

Bordeaux. Societe Linneenne. Actes. Yol. xxxviii. (Serie 4,

Tome viii.). Livr. 1. 1884.

E. Benoist. Compte-rendu geologique de I'excursion faite par la Societe

a Saint-Andre-de-Cubzac et a Cubzac, xxi.—Balguerie. Liste des fossiles

recueillis dans les faluns de la metairie du Paren pres d'Ortbez, xxxiii.

—

E. Benoist. Observations sur le meme sujet, xxxvii.—Croizier, Compte-
rendu geologique de I'excursion faite par la Societe au Nizan et a Roaillan,

xii.—Croizier. Depots lacustres tertiaires des environs de la Rochefou-
cauld, xlix.—E. Benoist. Compte-rendu geologique de la Fete Linneenne,

Ii.—E. Benoist. Fossiles des environs de Lucbardez, Iviii.—E. Benoist.

Sur un sondage artesien a Portets, Ixiii.

Boston. American Academy of Arts and Sciences. Proceedings,

Yol. XX. (1884-85). 1885.

S. H. Scudder. A Contribution to our Knowledge of Paleozoic
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Araclinida, 13.—J. Marcou. The *' Taconic System," and its Position in

Stratigraphic Geology, 174.

Eoston. American Academy of Arts and Sciences. Proceedings.

Vol. xxi. Part 1 (1885). 1885.

0. W. Huntington. Crystallographic Notes, 222.

. Society of Natural History. Memoirs, Vol. iii. No. 11.

1885.
S. H. Scudder. Palseodictyoptera : or the Affinities and Classification

of Paleozoic Hexapoda, 319.—S. H. Scudder. Winged Insects from a
Palaeontological Point of View, or the Geological History of Insects, 353.

Proceedings. Vol. xxii. Part 4 (1883). 1884.
M. E. Wadsworth. The Fortieth-Parallel Rocks, 412.—M. E. Wads-

worth. Notes on the Lithology of the Island of Jura, 485.

. . . Vol. xxiii. Part 1 (1884). 1885.
T. T. Bouve. Notes on Gems, 2.—S. Kneeland. Remarks on Earth-

quakes, 6.—W. 0. Crosby. Relations of the Conglomerate and Slate in

the Boston Basin, 7.—J. E. Dickerman and M. E, Wadsworth. An
Olivine-hearing Diabase from St. George, Me., 28.—T. T. Bouve. The
Genesis of the Boston Basin and its Rock Formations, 29.—N. S. Shaler.

On the Origin of Karnes, 36.

Brisbane. Acclimatisation Society of Queensland. Report for the

year 1884. 1885.

. Royal Society of Queensland. Proceedings. 1884. Vol. i.

Parts 2-4. 1884-85.
J. Falconer. Queensland Gold Deposits, 131.—A. C. Gregory. Obser-

vations on Occm-rence of Gold at " Moimt Morgan," near Rockhampton,
141.

Brussels. Academic Royale des Sciences. Annuaire (1884). 1884.

. . (1885). 1885.

Bulletins. 3^ Serie. Tome vi. (1883). 1883.

P. J. Van Beneden. Sur ce qu'il faut entendre par le mot decouverte^

a propos des Iguanodons de Bernissart, 25.—P. J. Van Beneden. Sur
quelques ossements de cetaces fossiles, recueillis dans des couches phos-
phatees entre I'Elbe et le Weser, 27.—P. J. Van Beneden. Sur quelques
formes nouvelles des terrains tertiaires du pays, 132.—E. Dupont. Obser-
vations sur une note recente de M. P. J. Van Beneden concernant la

d^vouverte des ossements de Bernissart, 138.—P. J. Van Beneden.
Seconde communication sur la decouverte de I'lguanodon de Bernissart,

219.—A. Renard. Les cendres volcaniques de I'eruption du Krakatau
tomb^es a Batavia le 27 aout 1883, 425.—E. Dupont. Observations sur

mi nouvelle note de P. J. Van Beneden, concernant la decouverte des
ossements de Bernissart, 541.—P. J. Van Beneden. Note sur des osse-

ments de Sphargis trouv^s dans la terre a brique du pays de Waas, 065.

—A. Renard. Sur la nature du fond des gi-andes mers, 932.

Tome vii. (1884). 1884.
M. Mourlon. Sur les amas de sables et les blocs de gres diss^minds h.

la surface des collines famenniennes dans I'Entre-Sambre-et-Meuse, 295.
—J. Gosselet. Consideration sur la cause du metamorphisme de la region

de Recogne, 355.—F. L. Cornet. Note sur la decouverte d'un silex taill6

dans les alluvions quaternaires, 733.



128 . ADDITIONS TO THE LIBEART.

Brussels. Academie Eoyale des Sciences. Bnlletins. 3® Serie.

Tome viii. (1884). 1884.

C. Bias. Analyse d'un nouveau phosphate riche des environs d'Havre,
pres Mons, 185.—A, Renard. Note sur des pseiido-cristaux de quartz

affeetant la forme de la pyrite arsenicale, 324.—A. Renard. Sur la com-
position chimique de la ki-okydolite et sur le quartz fibreux du Cap, o30.

—A. Renard. Sur les interpositions microscopiques de sagenite dans
I'oligiste titanifere des phyllades, 614.—E. Dupont. La chronologic

geologique, 733.
,

, . Memoires. Tome xlv. 1884.

P. J. Van Beneden. Une Baleine fossile de Croatia, appartenant au
genre Mesocete, no. 2.

. . Memoires Couronnes. (4to). Tome xlvi. 1884.

. . . (8vo.) Tome xxxvi. 1884.

. Musee Royal d'Histoire j^aturelle de Belgique. Annales.

Tome ix. 1885. Text and Atlas.

P. J. Van Beneden. Description des Ossements Fossiles des environs

d'Anvers, Partie 4.

. . . Tome xi. 1885. Text and Atlas.

L. G. de Koninck. Faune du Calcaire Carbonifere de la Belgique,

Partie 5.

. . Bulletin. Tome vi. jS^o. 1. 1885.
L. DoUo. Premiere Note sur la Hainosaure, mosasaurien nouveau de

la craie brune phosphatee de Mesvin-Ciply, pres Mons, 26.—P. Pelsencer.

Notice sur un Crustace de la craie brune des environs de Mons, 37.

. Societe Malacologique de Belgique. Annales. Tome xv.

Serie 2. Tome v. Fasc. 1. 1880.
P. Cogels et 0. van Ertborn. Nouvelles observations sur les couches

quaternaires et pliocenes de Merxem, vii.—E. Hennequin. Notes d'ex-

cursions relatives a la fixation de la position stratigraphique de nouveaux
gites fossiliferes du systeme Wemmelien, Ivi.—A, Rutot. Oompte rendu

fait a la Societe Malacologique de Belgique de I'excursion entreprise par

la Societe Geologique de France dans le Boulonnais, Ixxiii.—E. Van den
Broeck. Observations nouvelles sur les sables Diestiens et sur les depots

du Bolderberg, Ixxxv.—A. Rutot. Compte rendu des excursions faites en

commun par les Societes Geologique et Malacologique de Belgique, aux
environs de Bruxelles (5-7 Septembre 1880).

. . . Tome xviii. Serie 3. Tome iii. 1883.
E. Delvaux. Description d'une nouvelle huitre Wemmelienne suivie

d'un coup d'oeil sur la constitution geologique de la colline St. Pierre et

sur les alluvions qui forment le substratum de la ville de Gand, 1.

—D. Raeymaekers et 0. Van Ertborn. Compte rendu de I'excursion

annuelle faite aux environs de Louvain les 5 et 6 Aout 1883, 22.—0. Van
Ertborn et P. Cogels. Observations de . . . , ., sur le travail de MM. E.
Van den Broeck et A. Rutot, relatif a leurs lev^s geologiques, xxxiii.

—

E. Van den Broeck. Reponse aux observations faites par MM. Van
Ertborn et Cogels a ma note sur lem's leves geologiques, Ixvii, Ixxvii.

—

P. Cogels. Excursion de la Societe Geologique du Nord a Dunkerque,
Ixxxix.—A. de Limburg-Stirum. Compte rendu d'une excursion geolo-

gique faite a Gand, xcii.—D. Raeymaekers. Note sur un gisement
Bolderien fossilifere a Pellenberg, ciii.—D. Raeymaekers. Description

d'une coupe relevee dans le Rupelien inferieur a Attenrode-Wever, cxiii.
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Brussels. Societe Malacologique de Belgique. Annales. Tome xix.

Serie 3. Tome iv. 1884.

E. Van den Broeck. Contribution a Tetude des sables pliocenes

Diestiens, 7.—G. F. Dollfus. Le terrain quaternaire d'Ostende et le

Corhicula Jluminalis, 28,—E. Delvaiix. Compte-rendu des excursions

de la Society Royale Malacologique de Belgique a Audenarde, Reuaix,

Flobecq et Tournai, 55.—A. E,utot. Quelques mots sur les nouvelles

decouvertes d'Erquelinnes, xv.—G. Vincent. D^couverte du genre Avel-

lana dans le terrain Landenien inferieur, xxi.—D. Raeymaekers et A. de
Loe. Quelques observations faites aux environs de Grez, xxxii.—E. Van
den Broeck. Note sur la decouverte de fossiles miocenes dans les depots

de r^tage Bolderien, a Waenrode (Limbourg), Ivi.—E. Van den Broeck.

Note sur la decouverte de gisements fossiliferes Pliocenes dans les Sables

ferrugineux des environs de Diest, Ixviii.

. . Proces-Verbal. Tome xii. 1883. Pp. cix-cxlviii.

1883.

D. Kaeymaekers. Note sur un gisement Bolderien fossilifere a Pellen-

berg, cxiii.—D. Kaeymaekers. Sm- la presence du *' Cytherea splendida,^^

Merian, a I'ouest de Louvain, cxx.—D. Kaeymaekers. Description d'une

coupe relevee dans le Kupelien inferieiu- a Attenrode-Wever, cxxiv.

. . Tome xiii. 1884. Pp. i-civ. 1884.
A. Kutot. Quelques mots sur les nouvelles decouvertes d'Erquelinnes,

xix. — G. Vincent. Decouverte du Genre Avellana dans le terrain

Landenien inferieur, xv.—D. Kaeymaekers et le Baron A. de Loe.
Quelques observations faites aux environs de Grez, xl.—E. Van den
Broeck. Note sm* la decouverte de fossiles miocenes dans les depots de
I'etage Bolderien, a Waenrode (Limbourg), Ixx.—E. Van den Broeck.
Note sur la decouverte de gisements fossiliferes pliocenes dans les sables

ferrugineux des environs de Diest, Ixxxiii.—E. Van den Broeck. Sur un
facies nouveau ou peu connu de I'argile superieure rupelienne et sur les

erreurs d'interpretation auxquelles il pent donner lieu, Ixxxv.—Baron A.
de Loe et D. Kaeymaekers. Description d'une coupe levee a Estinnes-au-

Mont, xc.—A. Daimeries. Liste des fossiles de la craie blanche de Grez-
Doiceau, xciii.—0. Van Ertborn. Sm- le sondage de Hamme, xcix.

Tome xiv. 1885. Pp. i-cxliv. 1885.
Baron 0. Van Ertborn et P. Cogels. Note sur les consequences de

certaines erreurs d'interpretation au point de vue geologique, v, xix.

—

E. Van den Broeck. Reponse a la note de MM. Van Ertborn et P. Cogels,

viii, xxii.—A. Kutot. Quelques mots sur I'etage Asscbien, xi.—A. Kutot.
Sur une communication de M. 0. Van Ertborn relative a quelques puits

artesiens qu'il a creuses a Bruxelles, Iv.—E. Van den Broeck. De la

constitution geologique du territoire de la feuille d'Aerschot, d'apres la

carte au gp^o de MM. Van Ertborn et Cogels et d'apres les lev^s

du service officiel, Ixv.—F. L. Cornet. Note sur deux gisements des
sables et argiles d'Hautrages, Ixxxiv.—A. Kutot. Sur les resultats de
retude des etages Landenien et Heersien sur les feuilles de Landen,
Saint-Trond et Heers, Ixxxvii.—A. Kutot et E. Van den Broeck. Note
sur la nouvelle classification du terrain quaternaire dans la basse et dans
la moyenne Belgique, Lsxxix.—A. Kutot et E. Van den Broeck. Note
pr^liminaire sur I'age des diverses couches confondues sous le nom de
tufeau de Cipley, cviii.—F. L. Cornet et A. Briart. Sur Page du tufeau
de Cipley, cxvi.— A. Kutot et E, Van den Broeck. Sur I'age tertiaire du
tufeau de Ciply, cxxiv, cxxxii.
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Buckhurst Hill. Essex Field Club. Transactions. Yol. iv. Part 1.

1885.
S. V. Wood. On tlie Sand-pit at High Ongar, Essex, with a Note on

Mr. W. H. Dalton's paper on the " Blackwater Valley," 76.—T. V. Holmes.
Miscellaneous Notes on Deneholes, 1883, 87.—T. V. Holmes. Notes on
the Geological Position of the Human Skeleton lately found at the Tilbury

Docks, Essex, 135.

Special Memoirs. Yol. i. (8vo. London.) 1885.
R. Meldola and W. White. E-eport on the East Anglian Earthquake

of April 22nd, 1884, 1.

Buenos Aires. Academia Nacional de Ciencias en Cordoba. Actas.

Tomo V. Entrega 2. 1884.

Boletin. Tomo viii. Entregas 2 & 3. 1885.
F. Ameghino. Informe sobre el Museo Antropoldgico y Paleontologico

de la Universidad N acional de Cordoba durante el ano 1885, 347.

. Sociedad Cientifica Argentina. Anales. Tomo xix. En-
tregas 4-6. 1885.

G. A. LaUemant. Excursion minera a la Cordillera de los Andes, 145.

Tomo XX. Entregas 1-6. 1885.
L. Albertini, Primera espedicion de la Seccion de Minas del Departa-

mento de Ingenieros Nacionales. Estudios para la provision de aguas en
el sud y sudeste de la provincia de la Rioja, 17.—J. J. de Elia. Itine-

rario de la espedicion minera a La Cordillera de los Andes, 121.—J. J. de
Elia. Itinerario de la espedicion minera a la Cordillera de los Andes,
213.

. . . Tomo xxi. Entregas 1 & 2. 1886.

Buffalo. Society of Natural Sciences. Bulletin. Yol. v. No. 1.

1886.

E. N. S. Ringueberg. New Genera and Species of Fossils from the

Niagara Shales, 5.—J. Pohlman. Fossils from the Water-lime Group
near Buffalo, N. Y., 22.

Calcutta. Asiatic Society of Bengal. Centenary Review of the,

from 1784 to 1883. 8vo. 1885.

. . Journal. N. S. Yol. liii. Part 2. No. 3 (1884).

1884.
R. D. Oldham. Some Rough Notes for the Construction of a Chapter

in the History of the Earth, 187.

. . . Yol. liv. Part 1. Nos. 1-4 (1885).

1885.

. . . . . Part 2. Nos. 1-3 (1885).

1885.

. . Proceedings. Nos. 1-10 (1885). 1885-86.

Cambridge, Mass. American Academy of Arts and Sciences. Me-
moirs. Yol. X. No. 3. 1874. (Issued 1885.)
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1

Cambridge, Mass. American Academy of Arts and Sciences. Me-
moirs. Yol. xi. Part 2. No. 1. (Centennial volume) 1885.

A. Agassiz. The Tortugas and Florida Reefs, 107.

. Museum of Comparative Zoology at Harvard College. 25tli

Annual Report of the Curator for 1884-85. 1885.

. . Bulletin. Yol. xi. No. 11. 1885.

. . . Vol. xii. Nos. 1-3. 1885-86.
J. Murray. Report on the Specimens of bottom deposits obtained by

the U.S. Coast Survey Steamer ^ Blake/ 37.

. . Memoirs. Yol. x. No. 2. 1885.
J. A. Allen. On an Extinct Type of Dog from Ely Cave, Lee County,

Virginia, No. 2.

. . . . No. 4. 1885.

. . . Yol. xiv. No. 1. Part 1. 1885.

Cambridge Philosophical Society. Proceedings. Yol. v. Parts 4 & 5.

1885-86.

Canterbury. East Kent Natural History Society. Report of Meet-

ings held and Papers read. Session 1861-62. 1862. Pre-

sented hy W. Whitaker, Esq., F.G.S.

Cape Town. South-African Philosophical Society. Transactions.

Yol. iii. Part 2 (1883-85). 1885.

Carlisle. Cumberland and Westmoreland Association. Transactions.

No. 10 (1884-85). 1885.
W. G. Collingwood. On Lake-basins of the Neighbourhood of Winder-

mere, 1.—J. Postlethwaite. Trilobites of the Skiddaw Slates, 7.—H. W.
Schneider. On the Haematite Iron Mines of Low Furness, 99.—J. D.
Kendall. On the best locality for Coal beneath the Permian Rocks of

North-west Cumberland, 109.

Cassel. Palseontographica. Supplement 3. I. Theil. 1885. Pur-
chased.

A. Stelzner. Beitrage zur Geologie der argentinischen Republik, 1.

(Stuttgart). . Band xxxii. Lief. 1-3. 1885-86.

Purchased.
C. Koschinsky. Ein Beitrag zur Kenntniss der Bryozoenfauna der

alteren Tertiarschichten des siidUchen Bayerns, 1.—B. Stilrtz. Beitrag
zur Kenntniss palaozoischer Seesterne, 75.—M. Kliver. Ueber einige neue
Arthopodenreste aus der Saarbriicker und der Wettin-Lobej liner Stein-

koblerdbrmation, 99.

Catania. Accademia Gioenia di Scienze Naturali. Atti. Ser. 3.

Tome xviii. 1885.
L. Ricciardi. I tufi vulcanici del Napolitano, 37.—L. Ricciardi. Sulla

composizione chimica della cenere lanciata dall' Etna il 16 Novembre
1884, 223.—L. Ricciardi. Sulla composizione chimica di alcune rocce

eruttive comprese tra il Lago Maggiore e quello d'Orta, 387.

Chemical News. Nos. 1335-1361. 1885.

. Nos. 1362-1386. 1886.
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Chemical Society. Abstracts. JSTos. 12-23 (1885-86). 1885.

. Journal. IS'os. 272-277. 1885.

. . Supplementary Number (1885). 1885.

. . Nos. 278-283 (1886). 1886.

G. H. Bailey. Notes on an Analysis of Koppite, 153.

. Catalogue of Library. 8vo. 1886.

Christiania. Nyt Magazine for Naturvidenskaberne. Bind xxviii.

Hefte 1-4. 1883-84.
O. N. Hagen. Eeise i Meraker Sommeren 1881 og 1882, 46.—0. Herr-

mann. Besclireibimg von gronlandischen Gesteinen, 57.—0. Herrmann.
Ueber Dislocationen in Sandvikthal bei Kristiania, 74.—T. Kjerulf.

Dislokationerne i Kristianiadalen, 79, 171.—H. Reuscb. Fjeldbygningen
ved Viksnes kobbergrube paa Karmoen, 89.—H. Eeuscb. Geologiske

notiser fra Kristianiaegnen, 105.—H. Reusch. Geologiske optegnelser fra

Valders, 153.—H. Reusch. Bidrag til Kundskaben om istiden i det

vestenfjeldske Norge, 161.—T. Miinster. Dagbog fra Reise i Jotunfj el-

dene juli 1882, 199.—J. H. L. Vogt. Undersogelser ved den sydlige del

af Mjosen i 81 og 82, 215.—J. Lorenzen. Undersogelse af krystalliseret

Uranbegmalm fra Moss, 249.—W. C. Brogger. Spaltenverwerfungen in

der Gegend Langesund-Skien, 253.

. . Bind xxix. Hefte 1-5. 1884-85.
0. Herrmann. Die Graptolithenfamilie Dicliograj^tidcs, Lapw., mit

besonderer Berucksichtigung von Arten aus dem norwegischen Silur, 122.

—T. Kjerulf Grundfjeldprofilet ved Mjosens sydende, 215.—G. Flink.

Mineralogiska notiser, 300.—E. Knudsen. Nogle Bemaerkninger om
Ertsforekomsten ved Vigsnses Grube, 306.—H. Reusch. Om Tysnes-

meteoriten og tre andre i Scandinavien ned faldne Meteorstene, 309.—^H.

Reusch. Sovde zinkgrube, 369.—T. Kjerulf. Pragtstufer fra Storvarts

og Grimelien, 364.

. . Bind XXX. Heft 1. 1886.

H. 0. Lang. Beitrage zur Kenntniss der Eruptivgesteine des Christiania-

Silurbeckens, unter Mitwirkung des Herrn Paul Jannasch, 1.—G. A.
Guldberg. Om subfossile og forhistoriske Knokkelfund af Pattedyr i

Norge, 76.

Cincinnati. Cincinnati Society of Natural History. Journal.

Yol. viii. No. 2. 1885.

T. H. Aldrich. Notes on the Tertiary of Alabama and Mississippi,

with Descriptions of New Species, 145.—T. H. Aldrich. Notes on
Tertiary Fossils, rare or little known, 153.

Colliery Guardian. Nos. 1278-1304. 1885.

. Nos. 1305-1329. 1886.

Copenhagen. Kongelige Danske Yidenskabernes Selskab. Natur-
videnskabelige og Mathematiske Afhandlinger. Rsekke 6.

Bind iii. Nos. 1 & 2. 1885.

. . Oversigt, 1885. No. 2. 1885.

Cracow. Akademija Umiejtitnocsi w Krakowie. Sprawozdanie
KomisyiFizyjograficznej. 1884. Tome xix. 1885.

A. M. Lomnicki. Geologiczue zapiski z okolicy Katusza, 126.
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Darmstadt. Yerein fiir Erdkunde iind mittelrheinisclie geologische

Yerein. Kotizblatt. Folge iv. Heft 5. 1884.

C. Chelius. Beitrage zur geologischen Karte des Grossherzogthums
Hessen, 1.

Dijon. Academie des Sciences. Memoires. Serie 3. Tome viii.

(1883-84). 1885.

Dorpat. Naturforscher-GeseUschaft. Archiv fiir die Naturkuude
Liv-, Ehst- und Kurlands. Ser. ]. Bandix. Lief. 3. 1885.

. . . Ser. 2. Band x. Lief. 2. 1885.

. —— . Sitzungsberichte. Bandvii. Heft 2 (1885). 1886.

C. Gre\Yingk. Ueber die Beziehungen der geologischen Yerlialtnisse

einiger Dorpater Brunnen zu deren Gehalt an Salzen, 320.—Nass. Analyse

des Karrebrunnens in Reval, 345.

Dresden. Xaturwissenschaftliche Gesellschaft Isis. Festschrift,

zur Feier ihres 50. jahrigen Bestehens am 14. Mai 1885. (8vo.)

1885.

A. Stelzner. Die Entwickelung der petrographischen Untersuchungs-
methoden in den letzten fiinfzig Jahren, 25.—E. Zschau. Bemeiknngen
iiber den Quarz im Syenite des Plauenschen Grundes, 49.—H. Engel-
hardt. Die Creduerien ini unteren Quader Sachsens, 55.—H. B. Geinitz.

Ueber Thierfahrten in der Steinkohlenformation von Zwickau, 63.

—

H. B. Geinitz. Ueber Milchzahne des Mammuth, 06.—B. Vetter. Ueber
die Verwandtschaftsbeziehungen zwischen Dinosamiern und Yogeln,
109.

. . Sitzungsberichte und Abhandlungen. Jahrgang

1885. 1886.
H. B. Geinitz. Ueber kiinstliche Krystallbildungen am Gaylussit, 28.

—A. Purgold. Ueber Kalkspath von Hiittenberg und Schwefelkrystalle

von der Perticara, 31.—J. Deichmuller. Ueber Ammoniak Alaun (Tscher-

migit) von Dux, Bohmen, 34.—F. Theile. Ueber die typischen Formen
und die Entstehung der Dreikantner, 35.—E. Danzig. Neue Beobach-
tungen im Lausitzer Granit Gebiet, 36.

Ahhandlumjen .

H. B. Geinitz. Ueber Palmacites ? Reichi, Gein., 7.

Dublin. Royal Geological Society of Ireland. Journal. IN^. S.

Yol. vi. Part 3 (Yol. xvi. Old Series) (1882-84). 1886.
V. Ball. On some Effects produced by Landslips and Movements of

the Soilcap, and their resemblance to phenomena which are generally

attributed to other agencies, 193.—Y. Ball. On recent additions to our
knowledge of the Gold-bearing Rocks of Southern India, 201.—G, H.Kina-
han. On the possibility of Gold being found in quantity in the Countv of
Wicklow, 207.—J. P. O'Reilly. On the Calcite Crystals from the Iron
Measures of the Co. Antrim, 211.—Y. Ball. A Geologist's Contribution
to the History of Ancient India, 215.—J. P. O'Reilly. Note on the
Amygdaloidal Limestone of Downhill, Co. Derry, 264.—S. Haughton.
Remarks on the Unusual Sunrises and Sunsets which characterized the

close of the year 1883, 267.— G. H. Kinahan. Notes on the Classification
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of the Boulder Clays and their associated Gravels, 270.—Gr. H. Kinahan.
Note on the Coal Deposits of the North-West Territories of Canada,
575.—J. Joly. Notes on the Microscopic Character of the Volcanic Ash
from Krakatao, 287.—0. R. C. Tichborne. On an Argentiferous Gale-
nitic-Blende at Ovoca, 296.

—

G. H. Kinahan, Notes on some of the

Irish Crystalline Iron Ores, 302.—Gr. H. Kinahan. Notes on the Earth-
quake that took place in Essex on the morning of April 22, 1884, 314.

Dublin. Eoyal Irish Academy. Proceedings. Polite Literature

and Antiquities. Ser. 2. Vol. ii. No. 6. 1885.

. . . Science. Ser. 2. Vol. iv. Nos. 3 & 4.

1885.

. . Todd Lecture Series. Vol. ii. Part 1. 1885.

. . Transactions. Vol. xxviii. Nos. 17-20. 1884-
85.

J. P. O'Reilly. Catalogue of the Earthquakes having occurred in

Great Britain and Ireland during Historical Times, 285.

East-India Association. Journal. Vol. xvii. No. 5. 1885.

. . Vol. xviii. Nos. 1-4. 1886.

Edinburgh. Geological Society. Transactions. Vol. iv. Part 3.

1883.
R. Richardson. Agassiz and Glacial Geology, 245.—D. Cameron.

Notes on the Submergence of Scotland, 263.—T. D. Wallace. Additional

Notes on the Geology of the Enzie, 269.—T. D. Wallace. Structural

Geology of the Northern Extremity of Glen-more-nan-Alban, 271.—T.

D. Wallace. Additional Note on the Old Red Sandstone of Strathnah-n,

275.—W. I. Macadam. On the Results of the Analyses of Diatomaceous
Deposits from the Peat of Kinnord, Ordie, Drum, and Black Moss,
Aberdeenshire, 277.—G. H. Kinahan. Crude Suggestions on the Nomen-
clature of Rocks, 284.—W. H. Bell. Notes on the Geology of Easter
Ross-shire, 291.—W. T. Kinnear and W. Anderson. Notes on the

Fossils of the First Gilmerton Limestone, 299.—W. Morrison. The
Mineral Albertite and Strathpeffer Shales, 307.—R. Richardson. Notice
of Columnar Basalt at Ladeddie Hill, near Pitscottio, Fife, 311.—A.
Taylor. Note on Boulders exposed in the New Cemetery, Easter Road,
317.—H. M. Cadell. The Fossiliferous Rocks of Borrowstounness Coal-

field, 319.—R. T. Omond, The Asymptotic Nature of Natural Selection,

338.—G. H. Kinahan. Notes on the Cervus ?negaceros {Megaceros
hihernicus), 343.—J. Henderson. On a Calcareous Deposit at Starley-

burn, Fifeshire, 346.— .
. . Vol. V. Part 1. 1885.

Duke of Argyll. Continuity and Catastrophes in Geology, 1.—^W.
Morrison. The Mineral Albertite and the Strathpeffer Shales, 34.

—

D. Cameron. Notes on the submergence of Scotland, 41.—^A. Taylor.

On a Lacustrine Deposit near Holyrood, 44.—G. H. Kinahan. The Lau-
rentian Rocks and Metamorphism, 49.—W. T. Kinnear and W. Anderson.
Exhibition of Carboniferous Crustacea from Ardos Castle, 63.—D. Milne
Home. Diagram and Notice of a Greenstone Boulder excavated in

North Palmerston Place, Edinburgh, 54.—R. Richardson. On the

Terraces occurring on the Banks of the Tay and its Tributaries, 56.

—

J. Henderson. On Rock Sections exposed in cutting for the Suburban
Railway, with Observations on the Geology of the District around Edin-
l)urgh, 71.—A. Somervail. On the apparent absence of Glacial Pheno-
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mena in Corn-wall and Devon, and its bearing on some recent Theories,

83.—H. M. Cadell. The Salt-Deposits of Stassfurt, 92.—A. Taylor.

On a Section recently exposed at Marchmont Road, 104.—W. I. Macadam.
On the Results of a Chemical Investigation into the Composition and
Formation of the Mineral Butyrellite (Dana) or Butyrite (Glocker), 106.

—

Sir W. Dawson. Canadian and Scottish Geology, 112.—W. I. Macadam.
Fifty Years" work of the Edinburgh Geological Society, 123.—J. Geikie.

The Ice Age in Europe and North America, 144.

Edinburgh. Royal Physical Society. Proceedings. Session

1884-85. 1885.
F. G. Pearcey. Method of Consolidating and Preparing Thin Sections

of Friable and Decomposed Rocks, 295.—W. Turner. On Fossil Bones
of Mammals obtained during Excavations at Silloth, 333.—Hugh Miller.

On the Geology of the SiUoth Dock, 338.—R. Kidston. On some new
or little-known Lycopods from the Carboniferous Formation, 415.

—

J. Bennie. Note on the Contents of Two Bits of Clay from the Elephant
Bed at Kilmaurs in 1817, 451.

Falmouth. Royal Cornwall Polytechnic Society. Fifty-Second

Annual Report for 1884. 1885.
E. Halse. Description of the Florida Main Lode, Cardiganshire, 77.

Frankfort-on-the-Maine. Senckenbergische Naturforschende Gesell-

schaffc. Bericht, 1885. 1886.
F. Kinkelin. Geologische Tektonik der Umgebung von Frankfurt-am-

Main, 161.

Geneva. Societe Physique et d'histoire naturelle. Memoires.
Tome xxix. Partie 1 (1884-85). 1885.

Geological Magazine. Dec. III. Yol. ii. Nos. 7-12. 1885.
H. Woodward. Notes on some Mesozoic Plant-Remains from South

Australia, 289.—A. J. Jukes-Browne. The Classification of Stratified

Rocks, 293.—J. H. CoUins. On the Geological History of the Cornish
Serpentinous Rocks, 298.—H. J. Johnston-Lavis. Some Speculations on
the Phenomena suggested by a Geological Study of Vesuvius and Monte
Somma, 302.—A. H. W. Ingram, On the Discovery of Human Bones
and Ornaments in a Cave in the Great Ormes Head, 807.—H. Woodward.
On " Wingless Birds " Fossil and Recent ; and a few words on Birds as
a Class, 308.—P. Lake. On a Pecidiar Form of Jlipjjopotamus major
found at Barrington, 318.—R. H. Traquair. On a specimen of Psejjhodus
magnus, Agassiz, from the Carboniferous Limestone of East Kilbride,
Lanarkshire, 337.—H. Woodward. On some Palaeozoic Phyllopod-
Shields, and on Nehalia and its AUies, 345.—H. Woodward. On a new
Species of Helminthochiton from the Upper Bala (Silurian) of Girvan
Ayrshire, 352.—H. Hicks. The Classification of Stratified Rocks, 358—R. Lydekker. Note on the Generic Identity of the Genus EstJionyx
Cope, with Platychoerops, Charlesworth (=M/o/o/j7i?<5, Owen), 360.—

W

Carruthers. Note on Fossil Roots in the Sarsen Stones of Wiltshire
361.—T. Rupert Jones. Notes on the British Species of Ceratiocaris
385.—J. S. Gardner. Can Underground Heat be Utilized ?, 397.—
Herrmann. On the Distribution of the Graptolithidae in Time and Space
406.—H. Woodward. On the Fossil Sirenia in the British Museum
(Natural History), Cromwell Road, S.W., 412.—G. F. Matthew. Note
on the Genus Sfenotheca, 425.—H. Woodward. On Recent and Fossil
Pleurotomarice, 433.—T. G. Bonney. On Bastite-Serpeutine and Trokto-
lite in Aberdeenshire, with a Note 'on the Rock of the Black Dog, 439.
O. Herrmann. On the Organization and Economy of the Graptolithidse,
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448,—T. Rupert Jones. Notes on the Britisli Species of Ceratiocaris,

460.—C. Brongniart. The Fossil Insects of the Primary Rocks ; a Rapid
Survey of the Entomological Fauna of the Palaeozoic Period.—P. M.
Duncan. On the Grenus Galerites=Echinoconus, 492.—T. G. Bonney.
Preliminary Note on some Traverses of the Crystalline District of the

Central Alps, 494.—A. Smith Woodward. On the Literature and
Nomenclature of British Fossil Crocodilia, 496.—H. Hicks. On the
Fyunon Beuno and Cae Gwyn Bone Caves, North Wales, 510.—G. A.
Lebour. On some Recent Earthquakes on the Durham Coast and their

Probable Cause, 513.—H, A. Nicholson and Robert Etheridge, jun. On
the Synonymy, Structure, and Geological Distribution of Solenopora

comimcta, Billings, sp., 529.—T. Rupert Jones and J. W. Kirkby. Notes
on the Carboniferous Ostracoda of the North-west of England, 535.

—

R. F. Tomes. Observations on some imperfectly known Madreporaria
from the Cretaceous Formation of England, 541.—W. S. Gresley. On
the Occurrence of Quartzite Boulders in a Coal-seam in Leicestershire,

553,—A. Gaudry. Palaeontology in Germany and Austria, 556.—J. S.

Newberry. " Cone-in-Cone," 559.

Geological Magazine. Dec. III. Yol. iii. Nos. 1-6. 1886.
H. Woodward. On a Remarkable Ichthyodorulite from the Carboni-

ferous Series, Gascoyne, Western Australia, 1.—G. H. Kinahan. Irish

Metamorphic Rocks, 7.—A. Rutot and E. Van denBroeck. The Tuffeau

de Ciply shown to be chiefly of Tertiary Age, 10.—W. S, Gresley. On
a Modern Ferruginous Conglomerate upon Ashby Wolds, Leicestershire,

11.—0. Herrmann. On the Graptolite Family Dichograptidae, Lapw.,
13.—C. E. De Ranee and W. Topley. An inquiry into the Rate of

Erosion of the Sea-coast of England and Wales, and the Influence of the

Artificial Abstraction of Shingle or other Material in that Action, 26.

—

E. D. Cope. On a New Type of Perissodactyle Ungulate from the

Wasatch Eocene of Wyoming Territory, U.S., 49.—P. M. Duncan. An
Answer to "Observations on some Imperfectly-kuown Madreporaria from
the Cretaceous Formation of England, by R. F. Tomes, Esq., F.G.S.," 52.

—C. Reid and G. Sharman. On the so-called "Gault" of West Dere-
ham, in Norfolk, 55.—H. E. Guilter. The Lower Lias of Leicestershire,

59.—C. Davison. Note on the Form of the Uneroded Surface of Rock
underneath a Talus, 65.—A. Bell. The Succession of the Later Tertiaries

in Great Britain, Q7.—J. Le Conte. On the Permanence of Continents

and Ocean-Basins, with Special Reference to the Formation and Develop-
ment of the North-American Continent, 81.—Sir J. W. Dawson. Note
on the Geological Relations of Rocks from Assouan and its Neighbour-
hood, 101.—T. G. Bonney. Note on the Microscopic Structure of some
Rocks from the Neighbourhood of Assouan collected by Sir J. W. Daw-
son, 103.—R. F. Tomes. On the Occurrence of Two Species of Madre-
poraria in the Upper Lias of Gloucestershire, 107.—W. Whitaker. On
a Recent Legal Decision of Importance in Connection with Water-Supply
from Wells, 111.—H. Woodward. Recent and Fossil Hippopotami, 114.

—T. Rupert Jones. On some Fossil Ostracoda from Colorado, 145.

—

J. W. Davis. Notes on a Collection of Fossil Fish-Remains from the

Mountain-Limestone of Derbyshire, 148.—C. Davison. On the Occur-
rence of Undisturbed Spots in Earthquake-shaken Areas, 157.—W.
Whitaker. On the Waterworks at Goldstone Bottom, Brighton, 159,

—

J. S. Gardner. Inquiry concerning the Distribution of Teredo-bored

Wood in the Eocene, 161.—J. S. Gardner, On Mesozoic Angiosperms,
193.—A. Smith Woodward. On the Palaeontology of the Selachian

Genus Notidanus, Cuvier, 205, 253.—S. S, Buckman. Notes on Jurassic

Brachiopoda, 217.—G. A. J. Cole. TheIgneous Rocks of Stanner, 219.

—
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J. W. Judd. On "Marekanite" and its Allies, 241.—T. Rupert Jones

and James W. Kirkby. On Carboniferous Ostracoda from the Gayton
Boring, Northamptonshire, 248.—A. Heim and A. Genck. On the District

of the Ancient Glaciers of the Isar and of the Linth, 259.—F. W. Rudler.

Notes on some Rocks from Arabia Petraea, 267.—T. Rupert Jones and
C. D. Sherborn. On the JNIicrozoa found in some Jurassic Rocks of

England, 271.

Geologists' Association. Proceedings. Yol. ix. Nos. 2-4. 1885-86.
H. Hicks. Recent Views concerning the North-west Highlands, 43.

—

T. Rupert Jones. Foraminifera, 74.—F. W. Rudler. Certain Points in

Volcanic Phenomena, 75.—W. H. Hudleston. Further Notes on the

Geology of Palestine, 77.—T. V. Holmes. Notes on the Oldhaven Pebble-

beds at Chatham, 105.—H. B. Woodward. The Glacial Drifts of Nor-
folk, 111.—H. Goss. On some Recently Discovered Insecta from Carbo-
niferous and Silurian Rocks, 131.—J. G. Goodchild. Notes on some
Superficial Deposits of North Kent, 151.—W. Fawcett. Visit to the

British Museum (Natural History), Botanical Department, IGl.—H. B.

Woodward. Visit to the Geological Museum of Dr. J. Chauing Pearce,

at the Manor House, Brixton, 165.—W. Whitaker and G. Dowker.
Excm'sion to Canterbury, Reculvers, Pegwell Bay, and Richborough, 168.

—P. L. Sclater. Visit to the Zoological Gardens, Regent's Park, 178.

—

T. V. Holmes. Excursion to the Deueholes of Hangman's Wood, Grays,
179.—J. Hopkinson. Excursion to Hertford and Ware, 182.—W. H.
Hudleston. Excursion to Sherborne and Bridport, 187.—H. B, Wood-
ward. Excursion to Bridport, Bothenhampton, Burton Bradstock, Brid-

port Harbour, and Eype, 200.—J. H. Blake and J, Stevens. Excursion
to Reading, 209.—F. C. J. Spurrell. Excursion to Erith and Crayford,

213.—E. Easton. Excursion to East Grinstead and West Hoathly, 217.

—A. Irving. Excursion to Aldershot and Wellington College, 219.—A.
Irving. Excursion to Wokingham, Easthampstead, and Ascot, 222.

—

W. Topley. Excursion to Ampthill and Bedford, 225.—J. Gosselet.

Notes on the Palaeozoic Rocks of Belgium, 228.—T. G. Bonuey. Remarks
on the Stratified and Igneous Rocks of the Valley of the Meuse in the

French Ardennes, 247.—W. Topley and Mary Foster. Excursion to

Belgium and the French Ardennes, Brussels, Givet, Dinant, Namur, &c.,

261.

. The Geology of Belgium and the French Ardennes.

Papers by J. Gosselet, T. G. Bonney, A. Rutot, E. Van den
Broeck, and W. Topley. (8vo. London, 1885.)

Giessen. Oberhessische Gesellschaft fiir Natur- und Heilkunde.

Bericht 24. 1886.

J. M. Ledroit. Ueber die sogenannten Trachydolerite des Vogelsberges,

133.

Glasgow. Mitchell Library. Report, 1885. 1886.

Gloucester. Cotteswold Naturalists' Field Club. Proceedings for

1884-85.
H. Cossham. Paper on the late Discovery in Kingswood Coalfield,

247.—W. 0. Lucy. Southerndown, Dunraven, and Bridgend Beds, 254.

—

E. Witchell. On the Forest Marble and Upper Beds of the Great Oolite,

between Nailsworth and Wotton-under-Ed^e, 263.—E. Wethered. On
the Structure and Formation of certain English and American Coals, 281.

Haarlem. Societe HoUandaise des Sciences. Archives Neerlandaises.

Tome XX. Livr. 1-4. 1885-86.
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Halifax, N. S. Nova Scotian Institute of Natural Science. Pro-
ceedings and Transactions. Vol. vi. Part 3 (1884-85). 1885.

D. Honeyman. Geological Notes of Excursions witli Members of the
Britisli Association and others, 166.—E. Gilpin. Feather Alum (Halo-
trichite) from Glace Bay, Cape Breton, 175.—D. Honeyman. Louisberg,
Past and Present, 191.—D. Honeyman. Our Glacial Problem, 242.

Hobart Town. Eoyal Society of Tasmania. Papers and Proceedings

for 1885. 1886.
R. M. Johnston. Note regarding the Silurian Fossils of the Gordon

Limestones, with Generic Descriptions and a Specific List of the organisms
already named and classified, 313.—R. M. Johnston. Description of new
Species of Fossil Leaves, from the Tertiary Deposits of Mount Bischoff,

belonging to the Genera JEucahjptus, Laurus, Quercus, Ci/cadites, &c., 322.

—A. B. Biggs. Tasmanian Earth Tremors, 325.—R. M. Johnston. De-
scription of two new Species of Tertiary Fossil Plants belonging to the
Genera Eucalyptus and Taxites, 335.—R. M. Johnston. General Obser-
vations regarding the classification of the Upper Palaeozoic and Mesozoic
Rocks of Tasmania, together with a full description of all the known
Tasmanian Coal Plants, including a considerable number of new Species,

343.—R. M. Johnston. Tasmanian Fossil Plants of the Upper Palseo-

zoic and Mesozoic Coal-Measures, 361.—R. M. Johnston. Local Distri-

bution of the Fossil Plants of the Upper and Lower Coal-Measures of

Tasmania, 362.—Baron von Groddeck. Remarks on Tin-Ore Deposits

at Mount Bischoff, 388.—Capt. Shortt. Earthquake Phenomena in

Tasmania, with Table, 400.—T. Stephens. Notes on Boring Operations

in search of Coal in Tasmania, 1884, 403.—R. M. Johnston. Geological

Table showing the proposed Provisional Classification of Stratified Rocks
for Tasmania, also corresponding divisions elsewhere (Plate).—R. M.
J ohnston. Sketch Map, General Geological Features of Tasmania (Plate).

Institution of Civil Engineers. Minutes of Proceedings. YoL Ixxx.

1885.

. . Yol.lxxxi. 1885.

. . Vol. Ixxxii. 1885,

. . Brief Subject-Index. Vols, lix.-lxxxii. 1885.

. Heat in its Mechanical Applications. A Series of Lectures

delivered, 1883-84. 8vo. 1885.

Kingston (Canada). Queen's College and University. Calendar

for the Year 1885-86. 1885.

Knowledge. N. S. Vol. ix. Nos. 1-7. 1885-86.

Lausanne. Societe Vaudoise des Sciences Naturelles. Bulletin.

Serie 2. Vol. xxi. Nos. 92 & 93. 1884-86.

E. Renevier. Le Musee g^ologique de Lausanne en 1884, 1.—G. Mail-

lard. Quelques mots sur le Purbeckien du Jura, 200.

Leeds. Geological Association. Transactions. 1883-4-5. Part 1.

1885. (8vo.)

0. D. Hardcastle. On Granitic Rocks, 3.—J. E. Badford. On the

Buckingham Plumbago Mines, 5.—B. Holgate. On the Geology of Leeds,
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5.—T. W. Bell. Ou Tertiary Fossils, 7.—T. Tate. Geology in its rela-

tion to Health, 8.—W, Cheetham. Recent Earthquake Notes, from
personal ohservations in Essex, 9.—S. A. Adamson. The Geology of the

Goldtields, 14.—T. W. Bell. Climatal Changes, 16.—S. A. Adamson.
Explanation of a set of Sopwith's Geological Models, 18.—W. H. Gill.

Speeton Cliffs to Gristhorpe Bay, 21.—A. H. Green. The Pre-Cambrian
Rocks of Eugland, 24.—Reports of Field Excursions, 27-43.

Leeds. Philosophical and Literary Societ}-. Annual Report for

1884-85. 1885.

. . Annual Report for 1885-86. 1886.

. Yorkshire Geological and Polytechiiic Society. Proceedings,

N. S. Vol. ix. Part 1, pp. 1-144. 1886.
G. R. Vine. Notes on the Polyzoa and Foramiuifera of the Cambridge

Greensand, 10.—J. R. Mortimer. On the origin of the Chalk Dales of
Yorkshire, 29.—J. W. Davis. On the Contortions in the Chalk at Flam-
borough Head, 43.—E. M. Cole. On some Sections at Caye and Drewton,
49.—J. S. Tute. Note on Spirangium carhonarium (Schimper), 53.

—

W. Y. Veitch. Three new Species in the Yorkshire Lias, 54.—H. B,
Stocks. Analysis of a Hydraulic Limestone Concretion from the York-
shire Coast, with remarks on Concretions generall}^, 55.—G. W. Lamp-
lugh. On Ice-grooved Rock Surfaces near Victoria, Vancouver Island

y

with notes on the Glacial Phenomena of the neighbouring region, and on
the Muir Glacier of Alaska, 57.—G. R. Vine. Note on the Yoredale
Polyzoa of North Lancashire, 70.—J. W. Davis. Note on Chlamydose-
lachus anguineus, Garman, 98.—E. M. Cole. On the Physical Geography
and Geology of the East Riding of Yorkshire, 113.—E. M. Cole. Note
on the Parallel Roads of Glen Gloy, 123.—J. W. Davis. Summary of

Geological Literatm-e for 1885, with Addenda for 1884, 136.

Leicester. Literary and Philosophical Society. Report and Trans-

actions of the Council, 1885. 1885.

J. D. Paul. The Drift at the Countesthorpe Brickyard, 115.—C. A.
Moore. Notes on the Geology of the neighbom-hood of Rugby, 117.

—

H. E. Quilter. The Rhaetic Beds as exposed at Wigstou, 119.

Leipzig. Naturforschende Gesellschaft. Sitzungsberichte. 11 Jahr-

gang, 1884. 1885.
0. Kuntze. Ueber gasogen-sedimentare Entstehung der Urgesteine, 1.

. Zeitschrift fiir Krystallographie und Mineralogie. Band x.

Hefte 4-6. 1885. Parchased.

A. von Lasaulx. Ueber das optische Verhalten und die Mikrostructur
des Korund, 346.—A. Cathrein. Umwandlung der Graniten in Amphi-
bolschiefern der T3'roler Centralalpen, 433.—H. Baumhauer. Ueber die

mikroskopische Beschaffenheit eines JBuntkupfererzes von Chloride, New
Mexico, 447.—H. Baumhauer. Bemerkungen iiber den Boracit, 451.

—

F. A. Genth and G. Vom Rath. Ueber Vanadate und Jodsilber von Lake
Valley, Donna Anna County, New Mexico, 458.—G. Vom Rath. Mine-
ralogische Mittheilungen, 475.—T. Liweh. Fahlerz vom Alaskagang im
siidwestlichen Colorado, 488.—A. G. Dana. Ueber Gahnit und Epidot
von Rowe, Massachusetts, 490.—F. Sansoni. Ueber die Kryv-^tallformen

des Andreasberger Kallispath, 545.—V. von Zepharovich. Orthoklas als

Drusenmineral im Basalt. 601.

yoL. XLii. m
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Leipzig. Zeitschrift fiir Krystallograpliie und Mineralogie. Band xi.

Hefte 1-4. 1885 and 1886. Purchased.

E.Kalkowsky. UeberStruvit vonETombiirg, 1.—E.Palla. Ueber Gotbit,
23.—A. Catlarein, Neue Flachen am Adular, 113.—H. Baumhauer. Ueber
den Kryolitli, 133.—L. Lipocz. Ueber die cbemiscbe Zusammensetzung
einiger seltener Minerale aus Ungari], 209.—C. Hintze. Ueber Colestin

von Liineburg nnd das Studium von Vicinalflacben, 220.—J. Gotz. Krys-
tallograpliisclie Untersucbungen am Diopsid, 237.—E. Feist. Mikrolith
von Amelia City, Virginia, 254.—0. Liidecke. Calciumoxydbydrat als

Kesselstein, 255.—K. Obbeke. Mikroklin und Miiscovit von Eorst bei

Meran, Tirol, 256.—Q. Seligmann. Mineralogische Notizen, 337.—F.

Sansoni. Ueber Kalkspath von Blaton, Belgien, 352.—F. Sansoni. Ueber
Baryt von Vernasca, 355.—L. Brugnatelli. Ueber einige ausgezeicbnete

Krystalle von Pyrit, 362.—K. Obbeke. Mineralien von Mont-Dore, 365.

Leyden. Geologische Beicbs-Museum. Sammlungen. Kos. 11&12.
1885. Purchased.

F. Martin. Palaontologiscbe Ergebnisse von Tiefbohrungen auf Java,
185.

Liege. Societe Geologique de Belgique. Annales. Tome xii.

(1884-85). 1885.
E. Delvaux. Compte-rendu de la Session extraordinaire Annuelle a

Audenarde, Renaix, Flobecq et Tournai, du 14 au 17 Aout 1884, xxxi.

—

M. Lobest. De la presence de la Tourmaline dans les rocbes poudingui-
formes du gedinnien inferieur, 36, 95.—Q. Velge. La carte geologique,

61, 87.—C. De la Vallee Poussin. Sm' un caillou des sables pliocenes

d'Anvers, 66.—E. Van den Broeck. Sur la note de ]\r. Velge intitulee : la

Carte geologique, 76.—E, Delvaux. Sm' denouveaux cailloux erratiques,

79.—F. Dewalque. Quelques mots sur les pbospbates de cbaux de
Koursk, Russie, 93.—K. Storms. Nouveaux gites diestiens fossiliferes,

104.—E, Van den Broeck et A. Rutot. Peponse a M. Velge au sujet de
«es critiques relatives a la Carte geologique, 112.—0. Van Ertborn. Coupe
du puits artesien du Chateau de Mont-St-Jean, a Zeelbem, 127.—M. de
Puydt et Max Lobest. De la presence de silex tallies dans les alluvions

de la Mebaigne, 129.—E. Van den Broeck. Note critique sur les leves

geologiques a gTand ecbelle de IVIM. 0. Van Ertborn et P. Cogels, 141.

—

A. Rutot. Note sur une observation nouvelle relative a la geologie de la

ville de Bruxelles, 150.—C. De la Vallee Poussin. Comment la Meuse a

pu traverser le terrain ardoisier de Rocroy, 151.—G. Dewalque. Sur la

presence de stries glaciaires dans la vallee de TAmbleve, 157.—G.
JDewalque. Sur les filons granitiques et les poudingues de Lammersdorf,
158.—E. Van den Broeck. Reponse aux observations de M. De la Vallee

Poussin, au sujet de la Carte geologique, 169.—E. Van den Broeck.
Reponse aux observations de M. P. Cogels, 179.—A. Firket. Sur quelques
mineraux artificiels pyrogenes, 191.—A. Firket. Masse de fonte partiel-

lement decarburee, recontree dans le sol a Liege, 197.—M. Lobest. Sur
quelques rocbes de la zone metamorpbique de Paliseul, 199.—M. Lobest.

Sur quelques cailloux du poudingue du Grand Poirier pres de Huy, 200.

—A. Rutot et E-. Van den Broeck. Note sur la division du Tufeau de
Ciply en deux termes stratigrapbiques distincts, 201.—A. Rutot et E.
Van den Broeck. Resume de nouvelles recbercbes dans la craie blanche

du Hainaut, 207.

Memoires.

T. Sterry Hunt. Les divisions du systeme eozoique de I'Amerique du
Nord, 3.—C. De la Vallee Poussin et A. Renard. Note sur le mode
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d'origine des roches cristallines de I'Ardeune franQoise, 11.—E. Delvaux.

Documents sur la position stratigraphiqae du terrain silurien et des etages

tertiaires inferieurs qui forment le sous-sol de la commune de Flobecq,

recueillis lors du forage d'un puits artesien execute en octobre 1884, 29.

—

M. Lohest. Le conglom<5rat a silex et les gisements de phosphate de

chaux de la Hesbaye, 41.—G. Oesaro. Note sur une methode simple

pour efFectuer le changement d'axes cristallographiques, 82.—G. Cesaro.

Description d'un cristal de topaze presentant un double hemimorphisme,
116.—E. Delvaux. Les alluvions de I'Escaut et les tourbieres aux en-

virons d'Audenarde, 140.—G. Cesaro. Etude cliimique et cristallo-

graphique de la Destinezite (diadochite de Vise), 173.—G. Cesaro. Note
sur la discordance du devonien sur le silurien dans le bassin de Namur,
207.—M. Lohest. De la structure helicoidale de certaines anthracites de
Vise, 242.

Liege. Societe Koyale des Sciences. Memoires. Ser. 2. Tome xi.

1885.

. . . . Tome xii. 1885.

LiUe. Societe Geologique du Nord. Annales. Tome xii. (1884-85).
Livr. 4 & 5. 1885.

J. Gosselet. AperQu geologique sur le Grand-Duche de Luxembourg,
260.—Boussemaer. La colline de Mous-en-Baroeul, 302,—J. P^roche.
Les revolutions polaires au point de vue geologique, 305.—C. Barrois. Sur
les derniers tremblements de terre de I'Andalousie, 324.—J. Gosselet.

Note siu" la tauuusien dans le bassin du Luxembourg, et particulierement

dans le golfe de Charleville, 383.—A. Six. Le metamorphisme par
torsion dans la Chaine hercynienne, 363.—A. Eckmann. Note sur le

chene retire du Rhone a la Balme en Savoie au pied du Fort de Pierre

Chatel (Ain), 401.— Ladriere. Compte-rendu de I'excursion de la

Societe geologique du Nord aux environs de Lille, et considerations sur

les terrains quaternaires et recents des vallees de la Lys et de la Deule,
405.

. . . Tome xiii. (1885-86). Livr. 1-3. 1886.
J. Peroche. Theories cosmogoniques, 1.—A. Six. Les mines de

plomb argentifere du district d'Eureka, Etats-Unis d'Am^rique, 14.

—

A. Hette. Coupe des couches observees dans les travaux de deviation de
la Deule, a I'extremite de I'Esplanade, a Lille, au heu dit le Petit-Paradis

(emplacement du siphon), 45.—C. Bari'ois. Legende de la feuille de
Chateaulin, 49.—A. Six. L'appareil sternal de ITguanodon, 71.—C.
Barrois. Sur le calcaire a polypiers de Cabrieres, Herault, 74.—J. Peroche.
L'action precessionnelle, 101.—C. Barrois. Sur la faune de Hont-de-Ver,
124.—0. Novak et E. Canu. Sur les Phyllocarides, 144.—E. Canu.
L'articule problematique des depots tertiaires de Florissant : Plano-
cephalus aseUoides, Scudder, 148.—E. Gregoire. Decouverte d'ossemeuts
dans I'Aach^nien, 151.

—

(t. Lecocq. Geologie des environs de Blois et silex

de Thenay, 153.—C. Barrois. Sur le calcaire devonien de Chaudefonds,
Maine-et-Loire, 170.

Linnean Society. Journal. Zoology. Vol. xix. Nos. 109-113.
1885-86.

. . Botany. Vol. xxi. Nos. 138-140. 1885.

. . . Vol. xxii. Nos. 141-144. 1885-86.

. . . Vol. xxiii. No. 150. 1886.

m2
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Linuean Society. Transactions. Ser. 2. Eotany. Vol. ii. Part 8,

1884.

. _. . Zoology. Yol. ii. Parts 11-14. 1884-85.
J. W. Davis. On a new Species of Coelacanthus

( C. tingleyensis) from
tlie Yorkshire Cannel Coal, 427.

. . . . Yol. iii. Parts 2 & 3. 1884-85.

Lisbon. Sociedade de Geographia. Boletin. 4^ Serie. No. 12,

1883 (? 1884).

. . . 5^ Serie. Nos. 1-5. 1885.

Liverpool Geological Society. Proceedings. Yol. v. Part 1 (1884-
85). 1885.

T. M. Reade. Denudation of the Tvro Americas, 8.—W. A. Herdman.
The Presence of Calcareous Spicula in the Tunicata, 42.—W. A. Herdman.
The Conservative Action of Animals in relation to Dynamical Geology,
46.—G. H. Morton. The Microscopic Character of the Triassic Sandstones
of the Country aroimd Liverpool, 52.—T. M. Reade. The Mersey
Tunnel: its Geological Aspects and Results, 74.—H. C. Beasley. A
Quarry at Poulton, and the Relation of the Glacial Markings there to

others in the Neighbourhood, 84.—T. M. Reade. Borings on the South-
port and Cheshire Lines Extension Railway, 93.—T, M. Reade, On a
Section across the River Douglas at Hesketh Bank—a Post Glacial Deposit

in which were Human Bones, 100.

London, Edinburgh, and Dublin Philosophical Magazine and Journal

of Science. Ser. 5. Yol. xx. Nos. 122-127. 1885. Pre-

sented hy Dr. W. Francis, F.G.S.

J. D. Dana. Origin of Coral-Reefs and Islands, 144, 269.—J. D. Dana.
The Yolcanic Nature of a Pacific Island not an Argument for little or no
Subsidence, 303.

. . Yol. xxi. Nos. 128-133. 1886.

A. Woeikof. Examination of Dr. doll's Hypotheses on Geological

Climates, 223.

London Iron Trades Exchange. Nos. 1358-1385. 1885.

. Nos. 1386-1411. 1886.

Manchester. Geological Society. Transactions. Yol. xviii. Parts

10-19 (1884-86). 1885-86.
R. T. Burnett. On the Question of the Age of the Rocks of St. David's,

209.—C. Brongniart. The Fossil Insects of the Primary Group of

Rocks : a rapid survey of the Entomological Eauna of the Palaeozoic

Systems, 269.—H. M. Ormerod. Footsteps in Sandstone Flags, 293.—G.
C. Greenwell. The Geology of the Island of Jersey, 295.—M. Stirrup.

On some Fossils from the Palaeozoic Rocks of America, principally from
the State of Indiana, 331.—T. Ward. On Rock-Salt, 396.—G. Wild.
On Section of Shaft sunk through the Middle Coal-Measures at Bardsley

Colliery, and an interesting discovery of Calamites, 446.
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Manchester. Literary and Philosophical Society. Proceedings.

Vol. xxiii. (1883-84). 1884.

H. E. E-oscoe. On a new Variety of Halloysite from Maidenpek,
8ervia, 41.—F. M. Ki-ause. Notice of the Geology of the Haddon
District, eight miles south-west of Ballaarat, Victoria, 57.

Vol. xxiv. (1884-85). 1884.

H. E. Roscoe. On the Diamond-bearing Rocks of South Africa, 5.

—

W. 0. Williamson. On some undescribed Tracks of Invertebrate

Animals from the Carboniferous Rocks, and on some Inorganic Phe-
nomena simulating Plant-remains produced on tidal shores, 37.—Mark
Stirrup. The Post-Glacial Shell-Beds at Uddevalla, Sweden, 58.

Melbourne. Royal Society of Victoria. Transactions. Vol. xxi.

1885.

G. S. Griffiths. On the Evidences of a Glacial Epoch in Victoria

during Post-Miocene times, 1.—W. W. Culcheth. Shingle on the East
Coast of New Zealand, 52.—G. H. Ridge. Experience of the Barque
'W. H. Besse' in the Java Earthquake, August 1883, 89.—A. W.
Howitt. Supplementary Notes on the Diabase Rocks of the Buchan
District, 101.

Milan. Reale Istituto Lombardo di Scienze e Lettere. Memorie.
Vol. XV. (Vol. vi. Serie 3). Ease. 2 & 3. 1884.

G. Mercalli. L' Isola d' Ischia ed il terremoto del 28 luglio 1883, 99.

. . Rendiconti. Serie 2. Vol. xvi. 1883.

T. Taramelli. Sorgenti e corsi d'acqua, nelle Prealpi, 404.—C. F.

Parona. Esame comparativo della fauna dei varj lenibi pliocenici lom-
bardi, 624.—F. Sordelli. Sulle iilliti quaternarie di Re, in Val Vegezzo,
843.—T. Taramelli. Note geologiche sull' Apennino modenese e reggiano,

937.

. . . . Vol. xvii. 1884.

T. Taramelli. Breve notizia sulla barite di Vernosce, 156.—T. Taramelli.

Contribuzione alia geologia dell' Apennino di Piacenza, 572.

. Societa Italiana di Scienze Naturali. Atti. Vol. xxvii.

Ease. 1-4. 1884-85.
F. Molinari. La datolite nel granito di Baveno, 176.—G. Mercalli.

Notizie sullo state attuale dei vulcani attivi italiani, 184.—C. F. Parona,

Sopra alcuni fossili del lias inferiore di Carenno, Nese ed Adrara nelle

prealpi bergamasche, 356.

Mineralogical Society. Mineralogical Magazine. Vol. vi. Nos. 30
& 31. 1885-86.

H. Sjogren. On the Physical and Geometrical Properties of Graphite,
151.—W. Simmons. Notes on a Recent Discovery of '' ConneUite," 160.

—H. A. Miers. On Monazite from Cornwall, and Connellite, 164.—T.

Wallace. Notes on Northern Minerals, 168.—C. 0. Trechmann. Con-
nellite from Cornwall, 171.—W. I. Macadam. On the Chemical Com-
position of some Samples of Graphite from Knock, Aberdeenshire, 172.

—

W. I. Macadam. Analysis of a Sample of Strontianite from Strontian,

Argyllshire, 173.—W. I. Macadam. On the Chemical Composition of

ButyrelUte (Dana), 175.—G. S. Mackenzie. On an Occurrence of Rare
Copper Minerals from Utah, 181.—T. G. Bonney. Presidential Address,
195.—R. H. Solly. Notes on Minerals from Cornwall and Devon, 202.

—
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M. Schuster. Some Results of the Crjstailographic Study of Danburite,

213.

Minneapolis. Minnesota Academy of Natural Sciences. Bulletin

(1880-82). 1885.

J. A. Dodge. On some Tests of Building- Stones, 382.—N. H. Winchell.
Report on the Section of Mineralogy, 390.

Montreal. jSTatural Histor}^ Society. Canadian Record of Science.

Yol. i. Nos. 2-4. 1884-85.
T. Sterry Hunt. The Apatite Deposits of Canada, 65.—T. Sterry Hunt.

The Origin of Crystalline Rocks, 75.—T. Sterry Hunt. The Cambrian
Rocks of North America, 77.—T. Sterry Hunt. The Eozoic Rocks of

North America, 82,—T. Sterry Hunt. The Classification of Natural
Silicates, 129.—G, F. Matthew. Recent Discoveries in the St.-John
Group, 136.—Sir J. W. Dawson. Mesozoic Floras of the Rocky Moun-
tain Region of Canada, 141.—T. Sterry Hunt. The Geognosy of Crys-
talline Rocks, 147.—G. F. Matthew. A new Genus of Cambrian
Pteropods, 149.—F. Bain and Sir J. W. Dawson. Notes on the Geology
and Fossil Flora of Piince Edward Island, 1 54.—A. H. Mackay. Organic
Siliceous Remains in the Lake Deposits of Nova Scotia, 236.—T. Sterry

Hunt. Classification of Natural Silicates, 244,

. . . Yol. ii. Nos. 1&2. 1886.

Sir J. W. Dawson. Cretaceous Floras of the Northwest, 1.—G. F.
Matthew. Structural Features of Discina acadica of the St.-John
Group, 9.—Sir J. W. Dawson. Boulder-Drift and Sea-Margins at Little

Metis, Lower St. Lawrence, 36.—C. E. Grant and Sir J. W. Dawson.
Notes on Pleistocene Fossils from Anticosti, -J4.—L. W. Bailey. Geology
and Geologists in New Brunswick, 93.—T. Sterry Hunt. A Natural
System in Mineralogy, 116.

Moscow. Societe Impe'riale des Naturalistes. Bulletin. Tome Ix.

Nos. 3 k 4. 1884.

A. Paulow, Note sur I'histoire geologique des oiseaux, 100.—A. de
Gregorio. Note sur les Pecten hicidus, Goldf , £!. hijidus, Miinst., 178.

—— . . Nouveaux Memoires. Tome xv. Livr. 1, 1884.
H. Trautschold. Die Reste permischer Reptilien des palaontologischen

Kabinets der Universitat Kasan, 5.

. . . . Livr. 2 & 3. 1885.

S. Nikitin. Der Jura der umgegend von Elatma, 44.

Munich. Koniglich-bayerische Akademie der Wissenschaften. Ab-
handlungen der mathematisch-physikalischen Classe. Band xv.

Abth. 2. 1885.

Sitzungsberichte, 1884. Heft 4. 1885.

Fr. Pfaif. Beobachtungen und Bemerkungen liber Schichtenstorungen^

549.—C. A. Zittel. Bemerkungen iiber einige fossile Lepaditen aus dem
lithographischen Schiefer und der oberen EJreide, 577.

. . , 1885. Hefte 1-4. 1885-86.
P. Groth. Die Minerallagerstatten des Dauphine, 371.
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Nancy. Academie de Stanislas. Memoires, 1884. 135^ Annee,
5« Serie. Tome ii. 1885.

. Societe des Sciences. Bulletin. Serie 2. Tome vii. Fasc. 17.

17^ Annee (1884). 1885.

Bleicher. Siir deux faits interessants relatifs a riiistoire du terrain

qiiaternaire dans les enyirons de Nancy, xvii.—Bleicher. Sur le rhetien

ou infra4ias de Lorraine, xx^-ii,—Bleicher. Sur les Echinides des etages

jurassiques de Lorraine, xxxiii.—Bleicher. Sur la question de I'homme
tertiaire de Theirny (Loir-et-Cher), xxxvii.—J. Wohlgemuth. Note sur

riguanodon de Bernissart, 46.

. . . . . Fasc. 18. 18^ Annee (1885).
1886.

Bleicher. Sur I'age de la grouine dans la vallee de la Meurthe, xv.

Nature. Vol. xxxii. Nos. 817-836. 1885.

J. Lovell. Recent Earthquakes, 175.—J. Milne. On the Observation

of Earth-Tips and Earth-Tremors, 259.—The Devonian System in Russia,
307.—.1 . W. Judd. Address to Section C, Geology, British Association,

453, 473.—British Association, Section C, Geology, 555.—A. GeiMe. The
Geological Survey of Belgium, 597.

. Vol. xxxiii. Nos. 837-851. 1885-86.
Sir J. W. Dawson. The Cretaceous Floras of Canada, 32.—H. B. Guppy,

Observations of the Recent Calcareous Formations of the Solomon Group,
202.—J. E. Tenison-Woods. The Geology of Malaysia, Southern China,

&c., 231.—Sir J. W. Dawson. Deposits of the Nile Delta, 298.—H. J.

Johnston-Lavis. Vesuvian Eruption of February 4, 1886, 367.

. Vol. xxxiv. Nos. 852-868. 1886.
D. J. Macgowan. Note on Earthquakes in China, 17.—Cretaceous

Metamorphic Rocks, 80.

Newcastle-upon-Tyne. North of England Institute of Mining and

Mechanical Engineers. Transactions. Vol. xxxiv. Parts 4-6.

1885.

. . . Vol. XXXV. Parts 1 & 2. 1886.

E. H. Liveing. Transylvanian Gold Mining, 81.

New Haven, Conn. American Journal of Science. Ser. 3. Vol.

XXX. Nos. 175-180. 1885.

C. D. Walcott. Notes on some Paleo^oic Pteropods, 17.—II. S. Wil-
liams. Notice of a new Limuloid Crustacean from the Devonian, 45.

—J. P. Iddings. Occurrence of Fayalite in the lithophyses of obsidian

and rhyolite, 58.—O. Meyer. Genealogy and Age of the Species in the
Southern Old-Tertiary, 60.—G. F. Matthew. Probable occurrence of the
Great Wel.^jh Paradoxides, P. Davidis, in America, 72.—J. D. Dana.
Origin of Coral Reefs and Islands, 89, 169.—C. U. Shepard. Meteorite
of Fomatlau, Jalisco, Mexico, 105.—J. P. Iddings and W. Cross. Occur-
rence of Allanite as an accessory constitaent of many rocks, 108.—S. L.
Penfield. Crystals of Analcite from Phoenix Mine, Lake Superior Copper
Region, 112.—W. E. Hidden. On Hanksite, 133.—E. S. Dana and S. L.

Penfield. Mineralogical Notes, 136.—G. H. Stone. Local Deflections

of the Drift Scratches in Maine, 146.—0. Meyer. Successional relations
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of the species in tlie Frencli Old-Tertiary, 151.—W. G. Brown. Quartz-

twin from Albemarle County, Virginia, 191.—S. G. Williams. Geolo-
gical Relations of the Gypsum Deposits in Cayuga County, N. Y., 212.

—

C. R. Van Hise. Enlargements of Hornblende fragments, 231.—G. F.

Kunz. Three Masses of Meteoric Iron from Glorieta Mountain, near

Canoncito, Santa Fe County, New Mexico, 235.—W. B. Taylor. Crump-
ling of the Earth's Crust, 249.—E. W. Hilgard. The Old Tertiary of

the Southwest, 266.—E. A. Smith. Remarks on a paper of Dr. Otto
Meyer on " Species in the Southern Old Tertiary," 270.—G. F. Kunz.
Native Antimony and its Associations at Prince William, York County,
New Brunswick, 275.—C. H. Hitchcock. Crystalline Rocks of Alabama,
278.—G. F. Becker. Geometrical Form of Volcanic Cones and the

Elastic Limit of Lava, 283.—G. F. Matthew. Notice of a new genus of

Pteropods from the Saint John Group (Cambrian), 293.—J. L. Wortman.
Cope's Tertiary Vertebrata, 295.—T. H. Aldrich. Observations upon the

Tertiary of Alabama, 300.—R. B. Riggs. The Grand Rapids Meteorite,
312.—J. S. Newberry. Notes on the Surface Geology of the country
bordering the Northern Pacific Railroad, 337.—J. D. Dana. Displace-

ment through intrusion, 374.—A. Winchell. On Trend and Crustal Sur-

plusage in Mountain Structures, 417.—0. Meyer. The Genealogy and the

Age of the species in the Southern Old-Tertiary, 421.—N. H. Darton.

Fossils in the Hudson River Slates of the southern part of Orange County,
N. Y., and elsewhere, 452.—P. Frazer. Report of the American Com-
mittee-delegates to the Berlin International Geological Congress, 454.

New Haven, Conn. American Journal of Science. Ser. 3. Vol. xxxi.

Nos. 181-186. 1886.
G. H. Williams. The Peridotites of the " Cortlandt Series " on the

Hudson River, near Peekskill, N. Y., 26.—W. P. Blake. Description of

a Meteorite from Green County, Tenn., 41.—W. B. Dwight. Recent
Explorations in the Wappinger VaUey Limestone of Dutchess Co., N. Y.,

No. 5, 12o.~G. H. Stone. Wind Action in Maine, 133.—S. G. Williams.
The Westward Extension of Rocks of Lower Helderberg Age in New
York, 139.—G. F. Kunz. Meteoric Iron from West Virginia, 145.—A.
Woeikof. Examination of Dr. Croll's Hypotheses of Geological Climates,

161.—J. L. and H. D. Campbell. W. B. Rogers's Geology of the Vir-
ginias, 193.—D. W. Langdon, jr. Observations on the Tertiary of Mis-
sissippi and Alabama, 202.—N. H. Darton. Area of Upper Silurian Rocks
near Cornwall Station, Eastern-central Orange Co., N. Y., 209.—J. D.
Dana. Lower Silurian Fossils from a Limestone of the original Taconic

of Emmons, 241.—S. W. Ford and W. B. Dwight. Prehminary Report
upon Fossils obtained in 1885 from Metamorphic Limestones of the

Taconic Series of Emmons at Canaan, N. Y., 248.—F. W. Clarke. The
Minerals of Litchfield, Maine, 262.—G. K. Gilbert. The Inculcation of

Scientific Method by Example, with an Illustration drawn from the

Quaternary Geology of Utah, 284.—W. B. Scott. On some new Forms
of the Dinocerata, 303.—J. P. Iddings. The Columnar Structure in the

Igneous Rock on Orange Mountain, New Jersey, 321.—G, F. Becker.

Cretaceous Metamorphic Rocks of California, 348.—L. F. Ward. On the

Determination of Fossil Dicotyledonous Leaves, 370.—E. G. Smith.
Pseudomorphs of Limonite after Pyrite, 376.—S. L. Penfield. Brookite
from Magnet Cove, Arkansas, 387.—W, Cross. Occurrence of Topaz and
Garnet in Lithophyses of Rhyolite, 432.—C. R. Van Hise. Origin of

the Mica-Schists and Black Mica-Slates of the Penokee-Gogebic Iron-

bearing Series, 453.—W. E. Hidden. Two Masses of Meteoric Iron, of

unusual interest, 460.—S. W. Ford. New Genus of Lower Silurian

Brachiopoda, 466.
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New Haven, Conn. Connecticut Academy of Arts and Sciences.

Transactions. Vol. vi. Part 2. 1885.

N'ew York. Academy of Sciences. Annals. Vol. iii. Xos. 3-8.

1883-85.
J. S. Newberry. Descriptions of some peculiar Screw-like Fossils from

the Chemung Rocks, 217.—W. E. Hidden. Ou Hanksite, a new Anhy-
drous Sulphato-Carbonate, from San Bernardino County, California, 238.

—J. S. Newberry. Notes on the Geology and Botany of the Country
bordering the Northern Pacific Railway, 242.

. . Transactions. Vol. iii. (1883-84). 1885.
D. S. Martin. The Trenton (N. J.) Gravels, and their contained Imple-

ments, as bearing on the Antiquity of Man, 7.—A. A. Julien. Notes on
the Glaciation of the Shawangunk Mountain, N. Y., 22.—N. L. Britton.

Leaf-bearing Sandstones of Staten Island, New York, 30.—J. S. Newberry.
Some peculiar Screw-like Casts from the Sandstones of the Chemung
Group of New York and Pennsylvania, 33.—B. B. Chamberlin. Field-

work in local Mineralogy, 48.

—

J. S. Newberry. The Erosive Power of

Glacier-ice, and its Influence on the Topography of North America, 51.

—

N. L. Britton. Observations on the Geology of the vicinity of Golden,
Colorado, 77.—C. W. Warring. The Uniformity of Geological Climate
in high Latitudes, 84.—A. H. Elliott. The Coloured Marbles of Lake
Champlain, 100.

. . . Vol. V. No. 1 (1885-86). 1886.
G. F. Kunz. On the Agatized Woods, and the Malachite, Azurite,

&c., from Arizona, 9.—0. P. Hubbard. Two varieties of the New Red
Sandstone used for Building in New Haven, Conn., 12.—J. S. Newberry.
On the American Trias, 18.

•
. American Museum of Natural History. Annual Report of

the Trustees, 1885-86. 1886.

Northampton. Northamptonshire Natural-History Society and Field

Club. Journal. Vol. iii. No. 23. 1885.
B. Thompson. The Upper Lias of Northamptonshire, 298.

Palaeontographical Society. Monographs. Vol. xxxix. for 1885.

1886. (Two copies.)

J. S. Gardner. A Monograph of the British Eocene Flora, vol. ii. pt. 3.

—H. Alleyne Nicholson. A Monograph of the British Stromatoporoids,
pt. 1.—T. Davidson. A Monograph of the British Fossil Brachiopoda,
conclusion.—T. Wright. Monograph on the Lias Ammonites of the

British Islands, conclusion.

Palermo. Societa dei Scienze Natural! ed Economiche. Giornale

di Scienze Natural! ed Economiche. Vol. xvi. (1883-84).

1884.
G. Di-Stefano. Sopra altri fossili del Titonio inferiore di Sicilia, 9.

—

G. Di-Stefano. Sui Brachiopodi della zona cou Posidonomya alpina di

Monte Ucina, presso Galati, 142.—G. G. Gemmellaro. Su' fossili degli

strati a Terebratula aspasia delle contrada Rocche Rosse presso Galati,

provincia di Messina, 167.

Paris. Academic des Sciences. Comptes Rcndus. Tome c.

Nos. 25 & 2Q. 1885.
E. Bureau. Sur la fructification du genre Callipteris, 1550.
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Paris. Academie des Sciences. Comptes Rendus. Tome ci. Nos.

1-26. 1885.

A. de Scliulten. Sur la production de I'hydrate de magnesium cris-

tallise (brucite artificielle) et de I'hydrate de cadmium cristallise, 72.

—

A. Lacroix. Sur le diagnostic des zeolithes en 1'absence de formes cris-

tallines determinables, 74.—F. Gronnard. Sur un nouveau groupement
reticulaire de Forthose de Four-la-Brouque (Puy-de-D6me), 76.—W.
KHian. Sur la position de quelques roches ophitiques dans le nord de la

province de Grenade, 77.—A. F. Nogues. Sur I'age des eruptions py-
roxeno-amphiboliques (diorites et ophites) de la sierra de Penaflor, la

genese de I'or de ces roches et sa dissemination, 80.—L. Crie. Contri-

butions a I'etude de la flore oolithique de Touest de la France, 83.—E.
Bureau. Premieres traces de la presence du terrain permien en Bretagne,
176.—J. Bergeron. Sur le terrain permien des departements de I'Aveyron
et de I'Herault, 179.—Virlet d'Aoust. Sur un tremblement de terre

partiel de la surface seule du sol, dans le departement du Nord, 189.

—

M. Bertrand et W. Kilian. Le bassin tertiaire de Grenade, 264.—P.

Charpentier. Sur un echantillon de sapin, trouve dans les glaces du
Tschingel, 455.—Virlet d'Aoust. Nouveau tremblement de terre partiel

aux environs de Douai (Nord), 487.—E. Renou. Sur une secousse de

tremblement de terre ressentie a Orleans, 584.—G. Rolland. Sur le

regime des eaux artesiennes de I'Oued Rir et du bas Sahara en general,

606,—L. Dieulafait. Application des lois de la Thermochimie aux phe-
nomenes geologiques, 609.—A. d'Abbadie. Sur les seismes, 629.—L.

Dieulafait. Application de la Thermochimie a I'explication des pheuo-
menes geologiques, 644, 676, 842.—A, Gaiidry. Sur les Dinoceratides que
M. Marsh a recueillis dans I'eocene du Wyoming, 718,—S. Meunier. Sur
la classification et I'origine des meteorites, 728.—S. Meunier. Oligiste

terreux artiticiel, 889.—S. Meunier. Sur un granite amygdaloide de la

Vendee, 969.—E. A. Martel et L. de Launay. Sur des fragments de

cranes humains et un debris de poterie, contemporains de 1' TJrsus sinlceus,

971.—E. Riviere. Le gisemeiit quaternaire de Perreux, 1026.—Munier-
Chalmas. Observations sur I'appareil apicial de quelques Echinides cre-

taces et tertiaires, 1074.—A Lacroix. Examen optique de quelques

mineraux pen connus, 1164.—B. Renault. Sur les fructifications des

Sigillaires, 1176.—M. Levy et Munier-Chalmas. Sur la base des terrains

tertiaires des environs d'Issoire, 1179.—Auby. Observations geologiques

sur le ro^^aume du Choa et les pays Gallas, 1182.—P. Thomas. Sur la

decouverte de gisements de phosphate de chaux dans le sud de la

Tunisie, 1184.—G. Rolland. Sur la montagne et la grande faille du
Zaghouan, Tunisie, 1187.—A. Gaudiy. Sur de nouvelles pieces qui

viennent d'etre placees dans le galerie de Paleontologie du Museum, 1223.

—P. Fischer. Sur le squelette du genre fossile Scelidotherium, 1291.

—

C. Barrois. Sur le structure stratigraphique des monts du Menez, 1296.

—

E. Trutat. Les traces glaciaires dans la grotte de Lombrives (Ariege),

1512,—G. Vasseur et L. Carez. Nouvelle carte geologique de la France

a I'echelle de 500^' 1514.

Tome cii. Nos. 1-24. 1886.
B. Renault et R. Zeiller. Sur les troncs de Fougeres du terrain houiller

superieur,. 64.—A. Daubree. Meteorites recemment tombes dans I'lnde

le 19 fevrier 1884, 96.—Chaper. Constatation de I'existence du terrain

glaciaire dans I'Afrique equatoriale, 126.—L. Crie. Contribution a

I'etude des Palmiers eocenes de I'ouest de la France, 184.—M. Bertrand

et W. Kilian. Sur les terrains jurassique et cretace des provinces de
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Grenade et de Malaga, 18G.—E. Bureau. Etudes sur une piante phane-

roganie {^Cymochceites parisiensis) de I'ordre des Naiadees, qui vivait dans

les mers de I'epoque eocene, 191.—B. Renault. Sur les racines des Cala-

modendrees, 227.—A. Laeroix. Sur les proprietes optiques de quelques

mineraux fibreux et sur quelques especes critiques, 278.—G. Cotteau.

Sur les Echinides eocenes de la famille des Spatangidees, 823.—B. Renault
et R. Zeiller. Sur quelques Cycadees houilleres, 325.—F. A. Forel.

Moraine sous-lacustre de la bane d'Yvoire, au Lac Leman, 328.

—

Venukoff. Carte geologique du Turkestan russe, dressee par MM. Mouch-
ketofi' et Romanovsky, 381.—VenukoiF. Sur les rapports qui existent

entre les caracteres geologiques, topographiques et chimiques du sol et la

vegetation qui le couvre, dans la Russie centrale, 332.—C. Grand'Eury.
Determination specitique des empreintes vegetales du terrain houiller,

391,—A. Michel Levy. Sur une tephrite nepheliuique de la vallee de la

Januna (royaume du Choa), 451.—A. Laeroix. Sur les roches basal-

tiques du comte d'Antrim (Irlande), 453.—E. Jacquot et A. Michel Levy.
Sur une roche anomale de la vallee d'Aspe, Basses-Pyrenees, 523.—J.

Roussel. Sur les relations stratigraphiques qui existent entre les calcaires

a INIiliolites et les couches a Micraster tercensis, dans le departement de la

Haute-Garonne et le canton de Sainte-Croix, Ariege, 525.—L. Crie.

Contribution a I'etude des Palmiers miocenes de la Bretagne, 562.

—

Bourgeat. Sur la repartition des renversements de terrains dans la

region du Jura comprise entre Geneve et Poligny, 563.—Thoulet.

Note sur une methode d'analyse immediate des roches, a I'aide de leurs

proprietes physiques, 565.—S. Meuuier, Observations complementaires
sur I'origine des sables diamantiferes de I'Afrique australe, 637.—Michel
Levy et J. Bergeron. Sur les roches eruptives et les terrains stratifies

de la serrania de Ronda, 640.—A. Laeroix. Sur les proprietes optiques

de quelques mineraux, 643.—B. Renault. Sur le Sic/iUaria Menardi. 707.

—IVIichel Levy et J. Bergeron. Sur les roches cristallophylliennes et

archeennes de I'Andalousie occidentale, 709.—De Rouville. Sur les for-

mations paleozoiques de Neffiex-Cabrieres (Herault), 780.—De Lesseps.

Sur la roche du monticule de Gamboa, 793.—Eouque et Michel Levy.
Sur les roches recueiUies dans les sondages operes par le ' Talisman,' 793.

—J. Roussel. Sur la decouverte d'un gisement cenomanien au Pech
de Foix, 879.—A. Gaudry. Sur les reptiles permiens decouverts par

M. Fritsch, 898.—Stanislas Meunier. Sur la theorie des tremblements
de terre, 934.—E. Jourdy. Sur la geologie de Test du Tonkin, 937.—H.
Gorceix. Sur la "xenotime" de Minas Geraes (Bresil), 1024.—Stan.

Meunier. Remarques sur les bilobites, 1122.—C. Eg. Bertrand et B.

Renault. Caracteristiques de la tige des Poroxylons (Gymnospermes
fossiles de I'epoque houillere), 1125.—A. Daubree. Note accompagnant
le Rapport de M. Silvestri sur I'eruption de TEtna des 18 et 19 mai 1886,
1221.—Stan. Meunier. Nouvelles observations sur les bilobites juras-

siques, 1260.—Jacquot et Munier-Chalmas. Sur I'existence de I'eocene

inf(5rieur dans la Chalosse et sur la position des couches de Bos-d'Arros,
1261.—C. Barrois et A. Offret. Sur la structure stratigraphique de la

chaine betique, 1341.—G. Rolland. Sur la geologie de la Tunisie centrale

du Kef a Kairouan, 1344.—B. Renault. Sur le genre Bornia, F. Roemer,
1347.—Pedro d'Alcantaro. Tremblement de terre survenu au Bresil le

9 mai 1886, 1351.—Cruls. Tremblement de terre au Bresil, 1383.—
Stan. Meunier. Sur les cristaux de gypse des fausses glaises parisieunes,

1406.—W. Kilian. Note preliminaire sur la structure geologique de la

montagne de Lure (Basses-Alpes), 1407.—B. Renault. Sur les fructifi-

cations males des Arthropitus et des Bornia, 1410.—L. Crie. Contribu-
tion a I'^tude de la pr^foliation et de la prefloraison des v6g6taux fossiles,

1412.
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Paris. Annales Hydrographiques. Ser. 2, 1885. Sem. 1 et 2, 1885.

Fro7n the Depot de la Marine.

. Annales des llines. Serie 8. Tome vii. 2^ et 3® livraisons

de 1885. 1885.

A. MouUe. Memoire siir la geologie generale et sur les mines de dia-

mants de TAfrique du Sud, 193.—A. De Grossouvre. Etude sur les gise-

juents de phosphate de chaux du Centre de la France, 361.

. . . Tome viii. 4^-6" livraisons de 1885. 1885.
Wickersheimer. Etude sur le terrain glaciaire des Pyren^es-Orien-

tales, 85.—Camere. Etude sur les eaux. minerales de Chatel-Guyon,
300.

. . . Tome ix. 1^ livraisou de 1886. 1886.
Beaugej. Note sur la geologie du bassiu houiller de Fiiufkirchen, 5.

. Annales des Sciences Geologiques. Tome xvii. 1885.

Presented hy M. Hehert.

C. Deperet. Description geologique du bassin tertiaire du Roussillon

et description des vertebres fossiles du terrain pliocene du Roussillon,

No. 1.—H. Filhol. Observations sur le memoire de M. Cope intitule

:

Relcitions des horizons renfermant des debris d'animaux vertebres fossiles

en Europe et en Amerique, No. 2.—Renault. Recherches sur les

veg6taux fossiles du genre Astromyelon, No. 3.—0. C. Marsh. Mono-
graphie des Dinocerata, mammiferes gigantesques appartenant a un ordre

disparu, No. 4.

. .
^
Tome xviii. 1885. Presented hy M. Hehert.

E. Fallot. Etude geologique sur les etages moyens et superieurs du
terrain cretace dans le sud-est de la France, No. 1.—L. Roule. Recher-
ches sur le ten-ain fluvio-lacustre inferieur de Provence, No. 2.

. xinnales des Sciences Naturelles. Zoologie et Paleontologie.

Serie 6. Tome xviii. Nos. 4-6. 1884. Purchased.

. . . . Tome xix. Nos. 1-6. 1885.

Purchased.

. . . . Tome XX. Nos. 1-2. 1886.

Purchased.

^ . Journal de Concbyliologie. Serie 3. Tome xxv. Nos.

2 & 3. 1885. Purchased.

P. Fischer. Description d'une espece nouvelle de Dendroyuim, du
terrain permien de Saone-et-Loire, 99.—M. Cossmann. Description

d'especes du terrain des environs de Paris, 106, 197.

. Museum d'Histoire Naturelle. Nouvelles Archives. Ser. 2.

Tome vii. Ease. 1 & 2. 1884-85.

. Revae Scientifique. Tome xxxv. No. '^'o. 1885.

. . Tome xxxvi. Nos. 1-26. 1886.

. . Tome xxxvii. Nos. 1-25. 1886.

. Societe Geologique de France. Bulletin. Serie 3. Tome xiii.

(1884-85). Nos. 4-7. 1885.

Virlet dAoust. Examen des causes diverses qui determinent les trem-

blements de terre, 231, 443.—Peron. Nouveaux documents pour I'histoire
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de la Craie a Hippurites, 239.—Munier-Chalmas et SchluralDerger. Note
sur les Miliolidees trematophorees, 273.—Douville et Rolland. Note sur

la partie moyenne du terrain jurassique, entre Poitiers et le Blanc, 324.

—

Douville. Sur la limite de I'Oxfordien et du Corallien dans le centre de

la France, 334.—Parran. Allocution presideutielle, 338.—P. Fischer.

Notice sur les travaux scientiliques de R. Tournouer, 340.—A. de Gros-

souvre. Note sur TOolithe inferieure du bord meridional du bassin de

Paris, 355.—G. Holland. Note sur I'Oolithe inferieure du Poitou, 386.

—

Bleicher et M. Mieg. Note complementaire sur la paleontologie et la

stratigrapliie du terrain carbonifere de la Haute-Alsace, 413.—G. Saporta.

Remarques sur le Laminarifes Lagrangei, Sap. et Mar., 418.—A. Toucas.

Note sur les terrains jurassiques des environs de Saint-Maixent, Niort et

Saint-Jean-d'Angelv, 420.—Flot. Note sur YHalitheriitm Schinzi, 439.

—

G. Berthelin. Note sur le nouveau genre Lappai'entia et sur quelques

especes nouvelles de Mollusques fossiles du Bassin de Paris, 455.—A. de
Lapparent. Note sur les limon des plateaux dans le Bassin de Paris, 456.
—0. Deperet. Note sur la Geologie du Bassin du Roussillon, 4G2.—De
Raincourt. Description d'especes nouvelles ou incompletement counues
du bassin de Paris, 469.—Bertrand. Note sur I'Andalousie, 475.—Baron.

Observations sur le terrain jurrassique des environs de Fontenay-le-Comte
(Vendee), 476.—E. Fuclis. Note sur les Graviers auriferes de la Sierra

Nevada de Californie, 486.—C. Deperet et L. Rerolle. Note sur la

geologie et sur les Mammiferes fossiles du bassin lacustre luiocene

superieur de la Cerdagne, 488.—J. Lambert Note sur les limites de
I'etage callovien, 507.—G. Cotteau. Considerations generales sur les

Ecbinides du terrain jurassique de la France, 517.—C. Velain. Le Per-

mien dans la region des Vosges, 537.—0. Velain. Les Roches basaltiques

d'Essey-la-C6te, 565.—N. de Mercey. Sur la distinction des divers

depots* du Quaternaire ancien dans le Nord de la France, o7'2.—C. Velain.

Sur I'existence de diabases andesitiques a structure ophitique (Ophite)

dans le Lias moyeu de la province d'Oran, 576.—Jelsky. Rapports des

phenomenes geologiques entre eiix, 581.—L'Abbe Bourgeat. Nouvelles
observations sur le Jurassique superieur des environs de Saint Claude et

de Nantua, 587.—Tardy. Nouvelles observations sur la Bresse, region de
Bourg-en-Bresse, 617.

Paris. Societe Geologique de France. Bulletin. Scrie 3. Tome
xiv. (1885-86). No. 4. 1886.

Aubry. Observations geologiques sur les Pays Danakels, Somalis, le

Royaume du Choa et les Pays Gallas, 201.—H. Douville. Examen des
fossiles rapportes du Choa par M. Aubry, 223.—G. Cotteau. Note sur

les Spatangidees du terrain eocene de la France, 242.—F. Fontannes.
Sur les causes de la production de facettes sur les quartzites des alluvions

pliocenes de la vallee du Rhone, 246.—Larrazet. Des pieces de la peau
de quelques Selaciens fossiles, 255.—Abbe Pouech. Note sm- des osse-

ments de Lophiodon trouves aux environs de Mirepoix (Ariege) et sur le

niveau geologique des couches qui les renferment, 277.—H. Pohlig. Sur le

Pliocene de Maragha (Perse) et sur les Elephants fossiles de la Caucasie
et de la Perse, 285.—A. Gaudry. Sur I'age de la faune de Pikermi, du
L^beron et de Maragha, 288.—H. PohHg. Sur uup monographic des
Elephants fossiles de TAllemagne, 296.—C. Velain. ttude microscopique
de quelques verres artificiels provenant d'un incendie de TOdeon (1850) et

de la fusion de cendres de Graminees, 297.

. Societe Mineralogique de France. Bulletin. Tome vii.

1884. Purchased.

E. Bertrand. Sur la Friedelite, 3,—G. Wyrouboff. Sur le dimorphisme-
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du sulfate acide de potasse et siir la forme cristallme de la Misenite, 5.

—

L. J. Igelstrom. Berzeliite des Mines de Nordmark, Wermland, Suede,
27.—E. Bertrand. Proprietes optiques de la Berzeliite, 31.—H. Gorceix.

Note sur une zeolite d'une roche pyroxenique du bassin de I'Abaete,

Minas-Geraes, Bresil, 32.—0. Barrois. Note sur le chloritoide du Mor-
bilian, 37.—M. Levy. Note sur le birefringence de quelques mineraux

;

application a I'etude des roches en plaques minces, 48.— Chaper. Sur une
pegmatite a diamant et a corindon de I'Hindoustan, 47.—Cornu, Note
sur certaines apparences que presentant les surfaces artificiellement polies

taillees dans le quartz parallelement a I'axe, 56.—A. Gorgeu. Sur la

pyrosmalite de Daunemora, 58.—A. Gorgeu. Sur la production artifici-

elle de la fayalite, 61.—F. Gonnard. Note sur une association de
tourmaline et d'apatite de la Chaise-Dieu, Haute-Loire, 65.—A. Damour.
Note sur certains silex magnesiens et sur la magnesite, 66.—Kuss. Note
sur la decouverte d'epsomite en cristaux assez gros dans la mine d'an-

tbracite du Peycliagnard, Isere, 69.—0. Friedel. Sur la formule de la

friedelite, 71.^—A. Des Cloizeaux. Examen optique et cristallographique de
plusieurs silicates de manganese, 72.—^A. Des Cloizeaux. Forme" et carac-

teres optiques de reudnophite, 78.—A. Des Cloizeaux. Forme et carac-

teres optiques de la Sismondine, 80.—Baret. Sur une argile de la carriere

du Roclier-d'Enfer, sur les bords de I'Erdre, pres Nantes, 118.—L, J.

Igelstrom. Manganostibiite, nouveau mineral de Nordmark, Wermland,
Suede, 120.—L. J. Igelstrom. Nouveau mineraux de la mine de Nord-
mark, Wermland, Suede, 121.—E. Bertrand. Forme cristalline de I'aima-

fibrite et de I'aimatolite, 124.—A. Arzruni. Note sur un nouveau mineral
ti-ouve dans la province de Utah, Etats-Unis, 126.—A. Des Cloizeaux. Sur
I'identite optique des cristaux de lierderite d'Ehrenfriedersdorf (en Saxe)
et de Stonebam (Etat du Maine), 130.—A. Des Cloizeaux. Nouvelle
note sur la gismondine et sur la cbristianite, 135.—F. Gonnard. Note
sur la diffusion de la cbristianite dans les laves anciennes du Puy-de-Dome
et de la Loire, 156.—R. Jaguaux. Analyses d'emeris, 160.—K. de
KroustcliofF. Memoire sur des inclusions probablement hyalines dans le

gneiss granitique du Saint-Gotbard, 161.—A. Lacroix. Note sur les

cristaux d'oliviue des sables de projection de la Plaine des Sablas (lie

Bourbon), 172.—A. Lacroix. Sur la barytine (volnyne) de Cliizeuil

(Saone-et-Loire), 174.—H . Gorceix. Note sur uu oxyde de titaue hydrate,

avec acide pliospliorique, et diverses terres, provenant des graviers diaman-
•tiferes de Diamantina (Minas-Geraes, Bresil), 179.—A. Damour. Note
sur un nouveau phosphate d'alumine et de chaux, des terrains diamanti-

feres 204.—F. Gonnard. Note sur Texistence du sphene dans les roches

du Puy-de-Dome, 205.—F. Gonnard. Observation a propos de I'andalou-

site du Forez, 207.—A. Gorgeu. Note sur la granite desagrege de

Cauterets, 208.—H. Gorceix. Etude des mineraux qui accompagnent le

diamant dans le gisement de Salobro, province de Bahia, Bresil, 209,—J.

da Costa Sena. Note sur la scorodite des environs d'Ouro-Preto, 218.

—

J, da Costa Sena. Note sur I'hydrargillite des environs d'Ouro-Preto, 220.

—K. de Kroustchoif. Sur une nouvelle occurrence de zircon, 222.—K.
de Kroustchoff. Note sur des inclusions singulieres dans le quartz d'une

phyllade verte d'Erlbach en Saxe, 231.—L. J. Igelstrom. Hillangsite,

nouveau mineral de la mine de fer de Hillang, paroisse Ludoika, gouverne-

ment de Dalarne (Suede), 232.—L. X Igelstrom. Xanthoarsenite, nou-
veau mineral de Sjoegrufvan, paroisse de Grythy, gouvernement d'CErebro

(Suede), 237—A. Damour. Essais chimiques et analyses sur la menilite,

239.—F. Gonnard. Sur une combinaison de formes de la galene de

Pontgiband, 242.—K. de Kroustchoff. Sur I'analyse spectrale appliquee

aux etudes micromineralogiques, 243.—A. Des Cloizeaux. Ohgoclases et

and^sine, 249.—F. Gonnard. Note sur une pegmatite a grands cristaux
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de chloropliyllite des bords du Vizezy, pres MontlDrison (Loire), 345, 460.

—Baret, Sur la presence de I'uranite dans les pegmatites d'Orvault

(Loire-Inferieure), 460.—A, Lacroix. Sur la presence de la carpholite, de

la buratite et de la caledonite dans le Beaujolais, 461.—A. Lacroix. Sur
quelques localites nouveUes de greenoclrite, 463.—A. Des Cloizeaux. Note
sur des nodules cristallins contenus dans le gres de Bagnoles, 468.

Paris. Societe Mineralogique de .France. Bulletin. Tome viii.

(1885). Nos. 1-9. 1885. Purchased.

Des Cloizeaux et Damour, Remarques sur la composition de la berderite,

3.—Des Cloizeaux et Pisani. Nouvel examen optique et cbimique de
deux oligoclases, 6.—F. Gonnard. Sur un pbenomene de cristallogenie, a

propos de la fluorine de la Rocbe-Cornet, pres de Pontgiband, Puy-de-
Dome, 9, 31.—K. de Kroustcliofl". Note sur une bj-perite a structure

porpbyrique de I'Amerique, 11.—H. Gorceix. Sur des sables a nionazite

de Caravellas, province de Babia, Bresil, 32.—A. Lacroix. Sur un bydro-

carbonate de plomb (bydrocerussite) de Wanlockbead, £cosse, 35.—A.
LacrOix. Sur la plumbocalcite de Wanlockbead, Ecosse, 36.—A, Lacroix.

Sur les formes et les proprietes optiques delabarytine de Romanecbe, 39.

—A. Lacroix. Sur deux varietes de goetbite de Cbizeuil et de Roman-
ecbe, Saone-et-Loire, 41.—E. Jannettaz. Note sur I'analyse de la buratite

du Laurium, 42.—E. Jannettaz. "Note sur un diamant du Cap, 43.—E.

Mallard. Observations sur les relations cristallograpbiques et optiques de
la barytocalcite dans la serie des carbonates, des azotates et des cblorates,

44.—K. (Ebbeke. Sur quelques mineraux du Rocber du Capucin et du
Riveau-Grand, Mont-Dore, 46.—K. de KroustcbofF. Notes sur quelques

verres basaltiques, 62.—K, de Kroustcboff". Sur un uouveau type de
pyroxene, 85.—A. Lacroix. Sur I'barmotome de Bowling, Ecosse, 94.

—

A. Lacroix. Sur la barringtonite, 96.—A. Lacroix. Sur la bowlingite

et sur une cblorite des porpbyrites labradoriques d'Ecosse, 97.—A. Lacroix.

Sur les inclusions de tourmaline de la pblogopite de Templeton, Canada,
99.—G. Cesaro. Description d'une assemblage de cristaux de cassiterite,

102.—F, Gonnard. Note sur une combinaison de formes de la mesotype
du Puy de Marman, 123.—A. Des Cloizeaux. Extraits de mineralogie, 126.

—J. Curie. Note sur les proprietes cristallograpbiques et tbermoelectri-

ques de la pyrite de fer et de la cobaltine, 127.—K. de Kroustcboff.

Note sur le granite variolitique de Craftsbury, en Amerique, 132.—L. J.

Igelstrom. Haematostibiite, nouveau mineral de la mine de Sjoegrufvan,

paroisse de Grytbyttan, gouvernement d'QErebro, Suede, 143.—F. Gon-
nard. Note sur des cristaux de fluorine des environs de Sainte-Foy-l'Argen-

tiere, Rbone, 151.—J. Tboulet. Compte-rendu des travaux mineralo-
giques allemands, 144.—E. Jannettaz. Effets de la compression sur le

quartz, 168.—Friedel et Sarasin. Cristallisation de la calcite en presence

d'une solution de cblorure de calcium, 304.—A. Damour. Argile rose des

environs de Nantes, 305.—F. Gonnard. Sur un nouveau groupement
r^ticulaire de I'ortbose de Four-la-Brougue, Puy-de-Dome, 307.—F. Gon-
nard. Sur les gi-oupements de la martite du roc de Cuzau, au Mont-
Dore, 308.—F. Gonnard. Observations a propos d'une notice de M.
GEbbeke sur quelques mineraux du rocber du Capucin et du Riveau-Grand,
Mont-Dore, 310.—G. Cesaro. Note sur une nouvelle face du gypse, 317.

—A. Lacroix. Sur le diagnostic des zeolitbes en I'absence de formes
cristallines d(^terminables, 321.—L. J. Igelstrom. Polyarsenite, nouveau
mineral de Sjoegrufvan, paroisse de Grytbyttan, gouvernement d'G^rebro,

Suede, 369.—St. Meunier, Examen litbologique d'un grauit amj^gdaloide

de la Vendue, 383.—K. de Kroustcboff". Note sur une rocbe basaltique

de la Sierra Verde, Mexique, 385.—G. Cesaro. Note sur une nouvelle
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face de I'anatose, 396.—L. J. Igelstrom. Braunite des mines de manga-
nese de JacoLsberg, Wermland, Suede, 421.—L. J. Igelstrom. Sur la

Svanbergite de Horrsjoberg, Wermland, Suede, 424.—E. Bertrand. Sur
la mesure des indices de refraction des elements microscopiques des roches,
426.—A. Lacroix. Sur la kirwanite et la hullite, 428.—A. Lacroix.
Proprietes optiques de la botryolite, 433.—A. Lacroix. Identite de la

dreelite et de la barytine, 435.—Baret. Sapbir etoile de la Mercrediere,
commune de la Haye-Fouassiere (Loire-Inferieur), 438.—^Baret. Aluno-
gene de la cote de Saint-Nazaire, pres la Tour du Commerce, 440.—K. de
KroustchoiF. Note preliminaire sur la wolbynite de M. d'Ossowski, 441.
—E. Mallard. Sur la theorie des macles, 452.

Paris. Societe Mineralogique de France (Societe FranQaise de
Mineralogie). Bulletin. Tome ix. Nos. 1-3. 1886. Pur-
chased.

A. Lacroix. Proprietes optiques de I'arseniosiderite, 3.—A. Lacroix.
Proprietes optiques de quelques mineraux (wavellite; yariscite, planerite,

davreuxite), 4.—A. Lacroix. Examen optique de riiydrotephroifte et

Tanthopbyllite hydratee, 6.—K. de Kroustchoff . Notice sur une peridotite

provenant de la cote du detroit de Magellan, 9.—E. Bertrand. Pefrac-
tometre construit specialement pour I'etude des roches, 15.—L. J. Igelstrom.

Idocrase manganesifere de la mine de braunite de Jacobsberg, Wermland,
Suede, 22.—H, Dafet. Etude cristallograpbique et optique de I'ortho-

phosphate diargentique, 36.—Jannettaz et Goguel. Note sur un nouveau
gisement de sclieelite, 39.—A. Lacroix. Proprietes optiques de la grii-

nerite de Collobrieres, Yar, 40.—A. Lacroix. Proprietes optiques du
chloritoide ; son identite avec la sismondine, masonite, ottrelite, venos-
quite et pbyllite, 42.—A. Lacroix. Etude mineralogique du gabbro a

anorthite de Saint-Clement, Puy-de-Bome, 46.—A. Lacroix. Sur un
mineral probablement nouveau (dans le guano du Perou), 51.—A. Lacroix.

Proprietes optiques de la warwickite, 74.—A. Lacroix. Proprietes op-

tiques de la witliamite : Pelochroisme de la tbulite, 75.—A. Lacroix.

Contributions a la connaissance des proprietes optiques de quelques mine-
raux, 78.—A, Michel-Levy et A. Lacroix. Sur les mineraux du groupe
de la humite des calcaires metamorpliiques de diverses localites, 81.—
K. de Kroustchoff. Note preliminaire sur la presence d'un nouveau
mineral du groupe des spineUides dans le pbonolithe d'Olbriick, 85.

Penzance. Boyal Geological Society of Cornwall. Transactions.

Yol. X. Part 8. 1886.
President's Address (Warington W. Smyth), ccHx.—F. W. Millett.

Additional notes on the Foraminifera of the St. Erth Clay, 222.—F. W.
Millett. On the abrading action of a stone kept in motion by a current

of Water, 226.—R. N. W^orth. The Cornish Trias, 228.—E. H. Solly.

Apatite from Levant Mine, Cornwall, 240.

Philadelphia. Academy of Natural Sciences. Proceedings. Parts

2 & 3 (1885). 1885-86.

C. Morris. The Primary Conditions of Fossilization, 97.—S. H. Scudder.

Notes on Mesozoic Cockroaches, 105.—H. C. Lewis. Erythrite, genthite,

and cuprite, from near Philadelphia, 120. —H. C. Lewis. Marginal Karnes,

157.—W. B. Scott. Cervalces americanus, a fossil Moose or Elk from the

Quaternary of New Jersey, 181.—A. E. Foote. On large Crystals of

stibnite, 224.—C. Wachsmuth and F. Springer. Revision of the Palseo-

crmoidea, 225.
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Philadelphia. American Philosophical Society. Proceedings. Vol.

xxii. Nos. 117-120. 1885.
E. D. Cope. The Extinct Mammaha of the Valley of Mexico, 1.

—

E. D. Cope. On the Structure of the Feet in the Extinct Artiodactyla
of North America, 21.—E, D. Cope. Fifth Contribution to the Ivnow-
ledge of the Fauna of the Permian formation of Texas and the Indian
Territory, 28.—J. J. Stevenson. Notes on the Geological Structure of
Taze\N'ell, Russell, Wise, Smyth, and Washington Counties of Virginia,

114.—J, J. Stevenson. Some Notes respecting Metamorphism, 161.

—

Gr. A. Koenig. Note on Cosalite, Alaskaite, and Beegerite, 211,—F. A.
Genth and G. Vom Rath. On Vanadates and lodyrite, from Lake Valley,

Sierra Co., New Mexico, 363.—E. D. Cope. Second Continuation of
Researches among the Batrachia of the Coal Measures of Ohio, 405.

—

H. C. Levs^is. A Great Trap-dyke across South-eastern Pennsylvania, 438,

. . . Vol. xxiii. Nos. 121 & 122. 1886.
E. D. Cope. A Contribution to the Vertebrate PaljBontology of Brazil,

1.—F. A. Genth. Contribution to Mineralogy, 30.—E. D. Cope. Report
on the Coal Deposits near Zacualtipan, in the State of Hidalgo, Mexico^
146.—A. T. Lilley. A Revision of the Section of Chemung Rock exposed
in the Gulf Brook Gorge at Le Roy, in Bradford County, Pennsylvania,
291.

Photographic Society of Great Britain. Journal and Transactions.

N. S. Vol. ix. No. 9. 1885.

. . . Vol. X. Nos. 1-8. 1885-86.

Physical Society of London. Proceedings. Vol. vii. Parts 1-4,

1885-86.

Pisa. Societa Toscana di Scienze Natnrali. Atti. Memorie. Vol. vi.

Fasc. 2. 1885.
G. Gucci. Scomposizione del gabbro rosso, 267.—G. Meneghini.

Nuove Ammoniti dell' Appennino centrale, 363.

. . . . Vol. vii. 1886.
D. Pantanelli. Roccie di Assab, 29.—A. d'Achiardi. Bella ti'achite

e del porfido quarziferi di Donoratico presso Castagneto neUa prov. di
Pisa, 31.—B. Lotti. Correlazione di giacitura fra il porfido quarzifero e
la trachite quarzifera nei dintorni di Campigha marittima e di Castagneto
in prov. di Pisa, 85.—D. PantanelH. Vertebrati fossili delle lignite di
Spoleto, 93.—G. Ristori, Contributo alia flora fossile del Valdarno su-
periore, 143.—L. Busatti. Note su di alcuni minerali toscani, 191.—
G. A.^ De Amicis. II calcare ad Amphistegina nelle provincia di Pisa, ed
i suoi fossili, 200.—G. Ristori. Considerazioni geologiche sul Valdarno
superiore ecc, 249.—M. Canavari. Fossili del Lias inferiore del Gran
Sasso d' Itaha, 280.

. Processi Verbali. Vol. iv. Pp. 231-262.
1885.

A. d'Achiardi. Diabase e diorite dei Monti del Terriccio e di Ripar-
bella, 237.—G. Ristori. Considerazioni geologiche sul Val d'Arno su-
periore, sui d'intorni d'Arezzo e sulla Val di Cbiana, 24o.—L. Busatti.
Schisti a glaucofane della Corsica, 246.

VOL. XLII. n
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Pisa. Societa Toscana di Scienze IS'aturali. Atti. Process! Yer-
bali. Yol. V. Pp. 1-68. 1885.

A. D'Achiardi. Poclie parole su di una meinoria di Dieulafait intito-

lata : Nouvelle contribution a la question de I'origine de I'acide borique

;

eaux de Montecatini (Italie), 3.—E. Di Poggio. Studi di Micropetro-

grafia, 4.—E. Di Poggio. Diabase olivinico di Campillore presso Miemo,
9.—L. Busatti. Oenni geologici sopra Magliano in Toscana, Provincia

di Grossato, 12.—B. Lotti. In occasione del terzo Congresso interna-

zionale geologico in Berlino, 18.—D. Pantanelli. II Quaternario nella

Valle Padana, 23.—A. Varri. Osservazioni sulla memoria del dott.

Bistori, cbe ha per titolo " Considerazioui geologiche sul Valdarno Supe-
riore," 25.—A. Issel. Proposta relativa ad una riforma da nella nomen-
clature litologica, 32.—G. Bistori. Cenni geologici sul Casentino, 45.

—

B. Lotti.—Terreni secondari nei dintorni dei Bagni di Casciana in pro-

vincia di Pisa, 51.—M. Canavari. Di alcuni fossili di recente trovati nei

dintorni di Pergola in provincia di Ancoua, 53.—M. Canavari. Ellips-

actinia di Monte Giano, del Gran Sasso, del Gargano e di Gebel-Ersass
in Tunisia, 67.—M. Canavari. Amnioniti liasiche di monte Parodi di

Spezia, 68.—G. Meneghini. Fossili triasici delle Alpi Apuane, 69.

Plymouth.. Devonshire Association for the Advancement of Science,

Literature, and Art. Report and Transactions. Yol. xvii.

1885.
W. Downes. Geological Notes upon the Honiton District, 240.

—

E. Parfitt. On Earthquakes in Devonshire, 281.—A. Somervail. On the
Probable Volcanic Origin of the Breccias at the Base of the Trias in South
Devon ; and the Conditions prevailing during their Accumulation, 285.

—

A. B. Hunt. Notes on the Submarine Geology of the English Channel off

the Coast of South Devon, 292.—W. Pengelly. Notes on Notices of the

Geology and Palaeontology of Devonshire, Part xii., 425.

. . Transactions. Extra Yolume. The Devonshire

Domesday. Part 2. 1885.

Plymouth Institution. Annual Beport and Transactions. Yol. ix.

Part 1 (1884-85). 1885.

Princeton. E. M. Museum of Geology and Archaeology. Eourth
Annual Beport. (8vo.) 1885.

Quekett Microscopical Club. Journal. Ser. 2. Yol. ii. Nos. 13-15.

1885-86.
P. T. Cleve. On some fossil Marine Diatoms found in the Moravian

^'Tegel " from Angarten, near Briims, 165, 234.

Bome. Beale Accademia dei Lincei. Atti. Serie 4. Bendiconti.

YoL i. Ease. 13-28 (1885). 1885.

G, Oapellini. Sulle rocce vulcaniche di Montecatini e Orciatico neUa
provincia di Pisa, 437, 516.—T. Taramelli e G. MercalH. Belazione sulle

osservazioni fatte durante un viaggo nelle region! della Spagna colpite

dagli ultimi terremoti, 450, 522.—D. Lovisato. Specialita rimarchevoli

nella zona granitico-schistosa della Sardegna, 485, 819.—D. Lovisato.

E la Sardegna parte dell' asse centrale della catena tirrenica P, 489.

—

, G. Ponzi. Contribuzione alia geologia dei vulcani Laziali. Sul cratere

tuscolano, 772.
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Rome. Reale Accademia del Lincei. Atti. Serie 4. E-endiconti.

Vol. ii. Pasc. 1-10 (1886). 1886.

G. Capellini. Cetacei e Sirenii fossili scoperti in Sardegna, 79.

—

G. Ponzi e R. Meli. Nuovo catalogo di fossili del Monte Mario presso

Roma, 81.—E. Scaccbi. Grauato di Tiriolo in Calabria, 182.—E. Scacchi.

Cordierite alterata di Rocca Tederighi, Toscano, 183.—D. Lovisato.

Contributo alia Mineralogia sarda, 254.

. Reale Comitato Geologico d' Italia. Bollettino. Anno xvi.

(1885). 1885.
E. Cortese. Appimti geologici suUa terra di Bari, 4.—P. Forsen.

SuUa costituzione geologica dell' isola di Cerboli, 13.—S. Oiofalo. I fos-

sili del Cretaceo medio di Caltoviituro, 18.—E. W. Benecke. Studio
geologico sul gruppo della Grigna in Lombardia, 22.—E. Cortese. Le
roccie cristalline delle duo parti dello Stretto di Messina, 61.—E. Nicoli.

La frana di Perticara, Provincia di Pesaro, 65.—L. Mazzuoli. Nota sulla

frana di Deiva, Liguria, 75.—B. Lotti. Sul giacimento cuprifero di

Montecastelli in provincia di Pisa, 82.—D. Lovisato. Riassunto sui

terreni terziari e posterziari del circondario di Catanzaro, 87.—A. Issel.

Esame sommario di alcuni saggi di fondo raccolti nel Golfo di Genova,
129.

—

D. Lovisato. II pliocene non esiste nel sistema collinesco di

Cagliari, 140.—G. Terrigi. Ricerche microscopiche fatte sopra fram-
menti di marna inclusi nei peperini laziali, 148.—G. Boebm. Contribu-
zioue alio studio dei calcari grigi del Veneto, 156.—L. ]Mazzuoli. Sul
giacemento cuprifero deUa Gallinaria, Liguria orientale, 193.—E. Cortese.

Ricognizione geologica da BufFaloria a Potenze di Basilicata, 202.

—

W. Deecbe. Studi sugli strati raibliaui delle Alpi lombarde, 213.

—

A. Issel. Note interno al rilevameuto geologico del territorio compreso nei

fogli di Cairo Montenotte e Varazze della Carta topografica militare, 257.

—L. Bucca. Le andesiti deU' isola di Lipari, 285.—B. Lotti. Brevi
appunti raccolti in occasione del terzo Congresso geologico internazionale

in Berlino, 298.—G. Waltber. Le algbe calcarifere litoproduttrici del

Golfo di Napoli e 1' origine di certi calcari compatti, 305.—E. Cortese.

Sull' esistenza di un dicco basaltico presso Palmi in provincia di Reggio,
Calabria, 337.—A. Issel. La Pietra di Finale nelle Riviera Ligiire, 340.

—E. Clerici. Sopra alcune formazioni quaternarie dei dintorni di Roma,
362.—G. Vom Ratb. Studi geologico-mineralogici sull' isola di Sardegna,
395.—G. Boebm. Notizie sopra alcuni sedimenti cretacei delle Alpi
meridionali, 408.

Royal Agricultural Society of England. Journal. Ser. 2. Vol. xxi.

Part 2. 1885.

. . . Vol. xxii. Part 1. 1886.

. General Index to tbe Second Series of tbe Journal,

Vols, xi.-xx. 1885.

Royal Asiatic Society of Great Britain and Ireland. Journal, N". S.

Vol. xvii. Part 3. 1885.

. . . Vol. xviii. Parts 1 & 2. 1886.

Royal Astronomical Society. Memoirs. Vol. xlviii. Part 2
(1884). 1885.

n2
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Royal Geographical Society. Proceedings. Vol. vii. Nos. 7-12.

1885.

. . Yol. viii. 'Nos. 1-6. 1886.

Koyal Institution of Great Britain. Proceedings. Yol. xi. Part 2.

No. 79. 1886.

J. Dewar. Lectures on the Story of a Meteorite, 328.

Royal Meteorological Society. Quarterly Journal, 1885. Yol. xi.

Nos. 55 & 56. 1885.

. , 1886. Yol. xii. Nos. 57 & 58. 1886.

Royal Microscopical Society. Journal. Ser. 2. Yol. v. Parts
4-6 A. 1885.

. . . Yol. vi. Parts 1-3. 1886.
H. J. Johnston-Lavis. On the Preparation of Sections of Pumice-stone

and other Vesicular Rocks^ 22.

Royal Society. Philosophical Transactions. Vol. clxxv. Part 2.

1885.

Proceedings. Yol. xxxviii. Nos. 237 & 238. 1885.
J. Prestwich. On the Agency of Water in Volcanic Eruptions ; with

some Observations on the Thickness of the Earth's Crust from a Geological

Point of View 5 and on the Primary Cause of Volcanic Action, 253.—W.
Boyd Dawkins. Contributions to the History of the Pleiocene and Pleis-

tocene Deer, Pt. 1, 345, 465.—G. J. Hinde. On Beds of Sponge-remains
in the Lower and Upper Greensand of the South of England, 346.—D.
Herman and F. Rutley. On the Microscopic Characters of some Speci-

mens of Devitrified Glass ; with Notes on certain analogous Structures in

Rocks, 422.—J. Prestwich. Regional Metamorphism, 425.

. , Yol. xxxix. Nos. 239-241. 1885-86.
D. Herman and F. Rutley. On the Microscopic Characters of some

Specimens of Devitrified Glass ; with Notes on certain analogous Structures

in Rocks, 87.—J. W. Judd. Report on a Series of Specimens of the De-
posits of the Nile Delta, obtained by the recent Boring Operation, 213.

—

J. W. Judd. On the Relation of the Reptiliferous Sandstone of Elgin
to the Upper Old Red Sandstone, 394.—J. Starkie Gardner. Second
Report on the Evidence of Fossil Plants regarding the Age of the Tertiary

Basalts of the North-East Atlantic, 412.

. . . Yol. xl. No. 242. 1886.

W. Rowell. Account of a new Volcanic Island in the Pacific Ocean, 81.

Rugby School Natural History Society. Report for the Year 1885.

1886.

St. John, N.B. Natural History Society of New Brunswick, Bul-

letin. No. 4. 1885.

W. T. L. Reed. The Surface Geology of Fredericton, N.B., 85.—G. F.

Matthew. An outline of recent discoveries in the St. John Group, 97.

. . . No. 5. 1886.

G. F. Matthew. Synopsis of the Fauna of the St. John Group, 25.
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St. Petersburg. Academie Imperiale des Sciences. Bulletin.

Tome XXX. jN'os. 2 & 3. 1 885-86.

A Bimge. Bericht iiber fernere Fahrten im Lena-Delta und die Aus-
grabung eines angeblicli vollstandigeu Mammuthcadavers, 228.

. . . Tome xxxi. No. 1. 1886.

— . . Memoires. Tome xxxii. jN'os. 14-18. 1885.

C. Schmidt. Die thermalwasser Kamtschatka's, No. 18.

— . . . Tome xxxiii. Nos. 1-5. 1885.

F. Schmidt. Revision der ostbaltischeu silurischen Trilobiten, No. 1.

Salem. Peabody Academy of Science. 18th Annual Report.

1886.

^ . . Memoirs. Vol. ii. 1886.

San Francisco. California Academy of Sciences. Bulletin. No. 4

(1886). 1886.

A. B. Emmons. Notes on Mount Pitt, 229.—J. Gr. Cooper. On Fossil

and Sub-Fossil Land Shells of the United States, with Notes on Living

Species, 235.—A. W. Jackson. Mineralogical Contributions, 358.

Shanghai. China Branch of the Royal Asiatic Society. Journal.

N. S. Vol. XX. Nos. 3 & 4 (1885). 1886.

Society of Arts. Journal. Nos. 1701-1727. 1885.

. . Nos. 1728-1752. 1886.

Stockholm. Geologiska Forening. Forhandlingar. Bandet vii.

Hiifte 12-14 (1885). 1885.

M. WeibulL Om selenhaltig galenobismutit fran Falu grufva, Oo7.

—

A. Sjogren. Om spodiositens plats i mineralsystemet, 666.—A. E. Torne-

bohm. Till historiken ofver de geologiska undersokningarne i Sveriges

fjalltrakter, 669.—K. A. Fredholm. Morangrus pa skiktade grusafla-

gringar i Norrbotten, 673.—H. Lundbohm. F^mdaf koukretioner med af-

tryck afmusslor i hvarfvig lera illalland,677.—G.Lindstrom. Aualys af ett

kopparmineral fr§,n Sunnerskog, 678.—G. Lindstrom. Om fosforsyrehalt

i faltspot, 681.—A. E. Nordenskiold. Mineralogiska bidrag, VIII. Om
gearksutit fran Ivigtut i Gronland, 684.—E. Svedniark. Proterobas i

sodra och mellersta Sverige, 689.—E. Svedmark. Om granitens och
gneisens forhSllande till hvarandra i trakten mellan Stockholm och Norr-
telge, 700.—B. Lundgren. Studier ofver fossilforande losa block, 721.—
A. Sjogren. Sarkinitt, ett nytt marganarseniat fran Pajsbergs jeni- och
manganmalmsgrufva i Filipstads bergslag, 724.—H. von Post. Om sten-

kolsflotsers brytvardhet med afseenda S svenska forhallanden, 726.—A. A.
Losch. Brucit frSn Nikolaj, Maximilianski fyndort i Ural, 733.—G. De
Geer. Om Kaolin och audra vittringsrester af urberg inoiu Kristianstad-

somrSdets kritsystem, 734.—A. G. Nathorst. Forberedaude meddelande
om floran i nSgra norrlandska kalktiiifer, 762.—0. Gumselius. Stenrakning

i Upsala- och EnkopingsSsarne, 777.—E. Svedmark. Gabbron pS RSd-
manso och iiiom angriinsande trakter af Roslageu, 789.

Bandet viii. Hiifte 1-4 (1886). 1886.

A. G. Nathorst. NSgra ord om Visingsoserien, 5.—A. G. Nathorst.

Ytterligare om iloran i kalktufifen vid LSngsele i Dorotea sockeu, 24.—0.
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Gumselius. Samling af underrattelser cm jordstotar i Sverige, 26.—0.

Vogel. lakttagelse ofver en jattegrytas bildande, 28.—G. De Geer. Om
ett konglomerat inora urberget vid Vestana i Skane, 30.—I. H. L. Vogt.
Hiso solvgrube pa Arendal, Norge, 64.—S. L. Tornquist. Nagra iaktta-

gelser fran sommaren 1885 ofver omtvistade delar af Jagfoljden inom Da-
larnes siluromrade, 71.—M. Slolpe. Meddelanden om brande leror,

lampliga for prydnadsforemal, 91.—A. G. Nathorst. Ett forsok att for-

klara orsaken till den skarpa grausen mellan sodra STeriges vestra ocb ostra

iirterritorium, 95.—F. Svenonius. Hyperstenandesit fran Norrland, 103.

—H. Munthe. lakttagelser ofver qvartara bildningar pa Gotland, 111.

—

A. Sjogren. Mineralogiska notiser,X., 141.—A. E. Nordenskiold. Minera-
logiska bidrag, IX., 143.—T. Fegraeus. Studier ofver de qvartara bildnin-

garne pa Gotland, 158.—T. Fegraeus. Om forekomsten af manganockra
i ruUstens- ocli moraugrus, 170.—A. E. Nordenskiold. Mineralogiska
bidrag, 172.—L. J. Igelstrom. Mineralogiska meddelanden, 176.—W. C.
Brogger. Om alderen af Olenelluszonen i Nordamerika, 182.—A. W.
Cronqiiist. Om ockerlager vid Strasjo i Jerfso ocli Farila socknar, Hel-
singland, 214.—E. Svedmark. Gabbron pa Kadmanso och inom angran-
sande trakter af Roslagen, 221.—G. Lindstrom. Om postglaciala sank-
ningar af Gotland, 251.—B. Lundgren. Nagra anmarkuingar om Anan-
chytes sulcata, Goldf., 251.—E. Svedmark. Gabbron pa Eadmanso och
inom angransande trakter af Eoslagen, 293.—A. G. Nathorst. Anmark-
ningar med anledning af A. Hellands uppsats :

'' Svenska geologer om
indsjoerne," 322.—A. E. Tornebohm. Nagra ord med anledning af A.
Hellands insjokritik, 346.—A. Hogbom. Om forkastningsbreccior vid

den Jemtlandska silurformationens ostra gTans, 352.—G. De Geer. Om
en boll ur Vestanakonglomeratet, 362.—J. C. Moberg. Studier ofver

svenska Kritformationen, 364.—H. Steinmetz. Genmale, 377.—H.Munthe.
Beriktigande, 379.

Stockholm. Kongliga Svenska Yetenskaps-Akademien. Bihang till

Handlingar. Bandet vi. 1880-82.
S. A. Tullberg. Ueber Versteiuerungen aus den Ancellenschichten

Novaja-Semljas, No. 3.—G. Holm. Ueber einige Trilobiten aus den Phyl-
lograptusschiefer Dalekarliens, No. 9.—S. A. Tullberg. On the Grapto-
lites described by Hisinger and the older Swedish authors, No. 13.—G,
Lindstrom. Silurische Korallen aus Nord-Russland und Sibirien, No. 18.

. . . Bandet vii. 1882-83.

G. Holm. De svenska arterna af trilobitslagtet J//«m/s(Dalman),No.
3.—G. Lindstrom. Om de palaeozoiska forniationernas operkelbarende

koraller, No. 4.—G. J. Hinde. On Annelid remains from the Silurian

strata of the Isle of Gotland, No. 5.

. . . Bandet viii. 1883-84.
W.C. Brogger. Ueber Krystalle von Thorium, No. 5.—G. Lindstrom,

Index to the generic names applied to the Corals of the Palaeozoic for-

mations, No. 9.—B. Lundgren. Bemerkungen iiber die von der schwed-
ischen Expedition nach Spitzbergen 1882 gesammelten Jura- und Trias-

Versteinerungen, No. 12.—T. Fuchs. Ueber die von A. G. Nathorst in

Spitzbergen gesammelten Tertiarconchylien, No. 15.

. . Handlingar. Bandet xviii. 1880.

O. Heer. Nachtrage zur fossilen Flora Gronlands, No. 2.—A. G. Na-
thorst. Om spar af nagra evertebrerade djur m. m. och deras palaeonto-

logiska betydelse, No. 7.
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Stockholm. Kongliga Svenska Yetenskaps-Akademien. Handliu-

gar. Bandet xix. 1881.
A. G. Nathorst. Om aftryck af medusor i Sveriges Kambriska lager,

No. 1.—G. Lindstrom. On the Silurian Gastropoda and Pteropoda of

Gotland, No. 6.—S. Loven. On Fourtalesia, a Genus of Echinoidea,

No. 7.

. . Lefnadsteckningar. Bandet ii. Haftet 2. 1883.

Ofversigt af Fordhandlingar. Bandet xxxviii.

1881-82.
G. Holm. Bidrag till kannedomen om Skandinaviens Graptoliter,

No. 4, 71, and No. 9, 45.—H. Sjogren. Undersokningar af chondrodi-
tartade mineral fran Ladugrufvan i Wermland och Kafveltorp i West-
manland, No. 5, 29.—B. Luudgren. Om en Belemnit fran Preobrasche-
nie-on. No. 7 , 3.—A, E. Tornebohm. Om kalcithalt i graniter, No. 10,

15.

. . . 1882. Arg. 39. 1883.
L. J. Igelstrom. Nya mineral fran Wermland, 83.—G. Lindstrom.

Anteckningar om silurlagren pa Carlsoaane, No. 3, 5.—L. F. Nilson.

Undersokningar ofver thorit och thoriums equivalent. No. 7, 3.—H. Sjo-

gren. Studier pS Gadolinit, No. 7, 47.—G. Holm. Om de vigtigaste

resultaten fran en sommaren 1882 utford geologisk-palaeontologisk resa

pS Oland, No, 7, 63.—J. C. Moberg. Om de aldsta kritaflagringarne och
Rat-Lias i sydostra SkSne, No. 9, 26.—H. Sjogren. Forekomsten af

Gedrit sSsom vasendtlig bestSndsdel i nagra norska och finska bergarter,

No. 10, 5.

. . . 1883. Arg. 40. 1884.
L. J. Igelstrom. Manganmineralier fran Stalmalmsgrufvorna i Gas-

borns socken, Vermland, No. 7, 91.—L. J. Igelstrom. Emfolit, ett nytt

mineral frSn Horrsjoberg i Vermland, No. 7, 97.—A. Goes. Om Fimdina
cylindrica, Fischer, fran Spetsbergen, No. 8, 29.—L. J. Igelstrom. Kris-

taUiserad Rutil frSn Horrsjoberg i Vermland, No. 8, 87.—L. J. Igelstrom

NSgra ord om ett mineral, benamndt Persbergit, No. 8, 91.

Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologic imd Palaon-

tologie, 1884. Band i. Heft 3. 1884.
F. Rinne. Ueber Hyalophan aus dem Binnenthale (Wallis), 207.

—

O. Miigge. Bemerkungen iiber der Zwillingsbildung einiger MineraUen,
216.—F. Beyschlag. W. C. Williamson : Address to the Geolooical

Section of the British Association, Southport, 1883, 225.—C. Klein.

Mineralogische Mittheilungen, X., 235.—G. Vom Rath. Geologisches aus
Utah, 259.—F. Sandberger. Fossilien aus dem oberen Spiriferensand-

stein bei Nastatten. Lycopodium ini Orthoceras-Schiefer des Rupbach-
thales. Odontomaria bei Villmar, 268.—P. Jannasch. Zur Kenntniss
der Zusammensetzung des Vesuvians, 269.—A. Stelzner. Ueber den
Olivin des Melilithbasaltes vom Hochbodl, 270.—A. Stelzner. Studien

tiber die " Phyllopoden "-Natur von Spathiocaris, Aptychopsis und
ahnlichen Korpern, 275,—M. Neumayr. Triqlyphus und TritylodoUj

279.

. . Band ii. Hcftc 1 & 2. 1884.

0. Miigge. Ueber den Theuardit, 1.—P. .lannasch. Analyse des

Foyaits von der Serra de Monchique (Cerra da Posada) in Portugal, 11.

—U. Stutz. Ueber den Lias der sog. Contactzone in den Alpen der
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Urscliweiz, 14.—A. Sclirauf. Ueber Kelyphit, 21.—A. Sauer und F.
Schalch. Ueber der Verbreitung des Eklogites im siidwestlichen Tbeile

des Erzgebirges, 27.—R. Obbeke. Ueber die Krakatoa-Ascbe, 32.

—

F. Schalcb. Ueber einen Kersantilgang im Contakte mit porpbyriscben
Mikrogranit und Pbyllit am Ziegenscbacbte bei Jobanngeorgenstadt,
24.—O. Miigge. Ueber die Zwillingsbildimg des Antimons nach —^
Rimd 24 R, 40.—P. Jannascb. Ueber die Loslicbkeit des Labradors
von der St. Paulsinsel in Salzsaure, 42.—0. Bottger. Ueber Orygoceras,

Brus., 44.—0. Bottger. Melanopsis eostata, Neumayr non Olivier, 46.

—

"A. Weisbach. Ein neuer Fund • von Wbewellit, 48.—G. Greim.
Fauna des Diluvialsandes bei Darmstadt, 49.—C. Klein. Ueber den
EinHuss der Warme auf die optiscben Eigenscbafteu von Aragonit
und Leucit, 42.—C. Bolter. Zur Syntbese des Pyroxens, 51.—C. Ram-
melsberg. Ueber isomorphe, cbemiscb niclit analoge Mineralien, 67.

—

K. A. Zittel. Ueber Astylospongidae und Anomocladina, 75.—E. Kayser.
Ueber die Grenze zwiscben Silur u. Devon (Hercyn) in Bohmen, Tbiirin-

gen und einigen anderen Gegenden, 81.—J. H. Kloos. Beobaclitungen an
Ortboklas und Mikroklin, 87.—K. A. Zittel. Ueber Anaulocidaris, 132.

—Benecke. Ueber Cidaris Buchi, Mustr., 132.—A. Weisbacb. Ueber
Herderit, 134.—0. Bottger. Uebergiiuge von Eratopsis zu Erato, 136.

—

H. H. Reuscb. Syenit und Olivingabbro im centralem Tbeile der
Euganaen, 140.

Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palaon-

tologie, 1885. Band ii. Hefte 1-3. 1885.
F. Rinne. Ueber Milarit, Apopbyllit und Rutil, 1.—A. Baltzer,

Randerscheinungen der centralogranitiscben Zone im Aarmassiv, 25.

—

0. Miigge. Zur Kenntniss der durch secundare ZwiUingsbildung bewirlcten

Flacben-Verscbiebungen, 44.—H. Rosenbusch. Ein Beitrag zur Mor-
phologie des Leucits, 59.—K. von Chrustscbotf. Ueber den Granit des

Mte. Mulatto, Predazzo, 66.—G. Tschermak. Der Cblorgehalt der Skapo-
litbe, 72.—F. H. Hatcb. Hyperstbenandesit aus Peru, 73.—E. Hussak.
Ueber Einscbliisse und Ausscbeidungeu in Eruptivgesteinen : eine neue
DtinnscblifFsammlung von R, Fiiss in Berlin, 78.—E. Hussak. CJeber

die Verbreitung des Cordierits in Gesteinen, 81.—Kloos. Ein Uralit-

irestein von Ebersteinburg im nordlicben Scbwarzwald, 82.—M. von
Miklucho-Maclay. Rutil and Zinnstein im Greifensteiner Granit (Ehren-
friedersdorf), 88.—B. Kolenko. Pseudomorpbose von Plornblende nach
Olivin, 90,—H. Traube. Ueber den Nepbrit von Jordansmiibl in

Scblesien, 91.—A. G. Nathorst. Reste von Cerviis megaceroa sind bisber

nicbt in Scbweden gefunden, 94.—A. v. Inostrauzeff. Ueber eine Ver-
gleicbungskammer zur mikroskopiscben Untersucbung undurcbsichtiger

Mineralien, 94.—0. Stadtlander. Beitrage zur Kenntniss der am Stempel
bei Marburg vorkommenden Mineralien : Analcim, Natrolitb, und Pbil-

lipsit, 97.—M. Scblosser. CJeber das geologiscbe AJter der Faunen von
Eppelsbeim und Ronzon und die Berecbtigung einiger von Lydekker
angefocbtenen Nagerspecies aus dem europaiscben Tertiar, 136.—M. von
Miklucbo-Maclay. Ueber metamorpbe Schiefer vom Flusse Witim im
Ost-Sibirien, 145.—E. von Mojsisovics. Qeber die Structur des Sipbo
bei einigen triadischen Ammoneen, 151.—A. Kenngott. Krokydolith
und Arfv^edsonit, 163.—H. Bucking. Das Scbiefergebirge bei Athen,
167.—E. Solomko. Vorlaufige Mittbeilung liber die Mikrostructur der

Stromatoporen, 168.—E. Haug. Ueber die genetiscben Beziebungen
der Gattung Harpoceras, 171.—G. H. Williams. Hornblende aus St.

Lawrence Co., N. Y., 175.—F. Scbmidt und A. Mickwitz. Ueber Drei-

kanter im Diluvium bei Reval, 177.—F, Sandberger. Der Murchisonien-

Horizont des Stringocepbalen-Kalks, 179.—Tb. Liebisch. Ueber die
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Totalreflexion an doppeltbrechendeu Krystallen, 181.—H. J. Kloos.

Ueber Harmotomzwillinge von Andreasberg, 212.—C. Rammelsberg.
Ueber die Glimmer von Branchville, 225.—O. Meyer. Insectivoren und
Galeopithecus geologisch alte Formen, 229.—J. Bosscha. Ueber die

Geologie von Huelba (Slid Spanien), 230.—C. Klein. Beitrage zur

Kenntniss des Leucits, 234.—C. Klein. Ueber die Ursache optischer

Anomalien in einigen besonderen Fallen, 237.—K. Martin. Ueber das

Vorkommen von Dania aiif Cura9ao, 240. .

Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palaon-

tologie, 1886. Band i. Hefte 1-3. 1886.
R. Kiicb. Petrographisclie Mittbeilungen aus den siidamerikaniscben

Anden, 35.—M. Bauer. Beitrage zur Mineralogie, 0)2.—A. von Konen.
Ueber das norddeiitsche und belgische Ober-Oligocan und Miocan, 81.—A.

Cathrein. Ueber die Verbreitung umgewandelter Granaten in den Otz-

thaler Alpen, 84.—H. Behrens. Ueber recente Lavastrome auf Java,
87.—F. SandlDerger. Mangan-iVpatit aus Saclisen, Chlorsilber, Guejarit,

Molybdanbleierz und Chrombleierz aus Chile und Bolivia, Antimon-
nickel als krystaUisirtes Hiittenproduct, 89,—Steinmann. Bemerkungen
liber die Gattung Hindia, Dune, 91.—A . v. Inostranzeff. Ueber " Schun-
git," ein ausserstes Glied in der Reibe der amorphen Kohlenstoffe, 92.—M.
Xeumayr. Ueber Amaltheus Balduri^ Keyserling, und liber die Gattung
Cardioceras, 95.—A. von Konen. Die Crinoiden des norddeutschen Ober-
Devons,99.—C. Dolter. Syntbetische Studien, 119.—0. Mlio-oe. Zur Kennt-
niss der Flacbeuveranderungen durch secundare Zwillingsbildung, 136.

—

T. Liebiscb. Ueber die Bestimmung der optiscben Axen durch Beobach-
tung der Schwingungsrichtungen ebener Wellen, 155.—A. von Konen.
Ueber Clymenienkalk und Mitteldevon resp. Hercynkalk ? bei Montpellier,
163.—H. Trautschold. Geologische Notizen aus dem Kaukasus, 168:

—

C. Ochsenius. Blaues SteinsaLz aus dem Egeln-Stassfurter Katisalzlager,

177.—F. Sandberger. Schwefel und andre Zersetzungs-Producte von
Bournonit, Kupfervitriol und Coquimbit von Ergzangen, Schwefel von
einem Boraxsee in Atacama (Chile) ; durch Kupfererze impriignirtes

fossiles Holz aus Sandstein in Argentinien, 177.—A. G. Nathorst. Ueber
Pyramidal-Gesteine, 179.- -C. Chelius. Ueber eine mittelpleistocane

Fauna im Thon von Langen nordlich Darmstadt, 181.—O. Mugge.
Ueber klinstliche Zwillingsbildung durch Durck am Antimon, Wis-
muth und Diopsid, 183.— L. Doderlein. Eine recente '' Cidaris

Buchip ]92.—A Karitzky. Der palaontologische Charakter der Jura-
Ablagerungen der Umgegend von Traktomirow und Grigorowka im
Gouvernement Kiew, 195.—J. H. Kloos. Ueber eine manganreiche und
zinkhaltige Hornblende von Franklin, New Jersey, 211.—R. Brauns.
Ein Beitrag zur Kenntniss der Structinflachen des Sylvin, 224.—K. v.

Fritsch. Ueber die Grenzen zwischen Zechstein und Buutsandstein, 238.

—X. V. Nordenskiold. Vorlaufige Mittbeilungen liber erneuerte Unter-
suchungen der Flussigkeitseinschlusse im brasilianische Topas, 242.—R.
Pohlmann. Gesteine aus Paraguay, 244.—E. Geiuitz. Die Lagerung
des Diluviums im unteren Elbthal, 248.—F. Sandberger. Uranglimmer
(Kalk- und Kupfer-) im Fichtelgebirge, Arseniosiderit in Pseudomor-
phosen nach Eisenspath von Neubiilach bei Calw in Wiirttemberg,
Greenockit als Zersetzungproduct cadmiumhaltiger Zinkblenden bei

Brilon in Westfalen und Neu-Sinka in Siebenblirgen, Aragonit-Vor-
kommen in der friinkischen Lettenkohlen-Gruppe, 250.—A. Weisbach.
Vorlaufige Mittheilung liber Argyrodit, 252.—R. Brauns. Manganit von
Obersteiu a. d. Nalie, 252.—F. F. Ilornstein. Beobacbtungen am Mag-
netit, 253.—Ncitling. Ueber das Alter der Lavastrome im Dschohin,
254.
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Stuttgart. N'eues Jahrbuch fiir Mineralogie, Geologie und Palaon-

tologie, 1886. Eand ii. Heft 1. 1886.
G. G. Winkler. Neue Nacliweise iiber den untern Lias in den bairischen

Alpen, 1.—0. Miigge. Ueber secondare Zwillingsbildung am Eisenglanz,
35.—T. Liebisch. Ueber die Totalreflexion an doppeltbrecbenden Krys-
tallen, 47.—A. Weisbach. Argyrodit, ein neues Silberez, 67.—R. Brauns.
Ueber die Verwendbarkeit des Metbylenjodids bei petrograpbischen
und optischen Untersuchungen, 72.—H. F. und H. A. Keller. Eine
neue Variktat des Kobellit, 79.—SteinoDann. Das Leptaena-Bett bei

Gotha, 81.

. . BeHaffe-Band iii. Heft 1. 1881.
J. H. Kloos. Studien im Granitgebiet des siidlichen Schwarzwalds, 1.

—R. Poblmann. Untersucbungen iiber Glimmerdiorite und Kersantite
Siidtbiiringens und des Frankenwaldes, 67.—W. Bodenbender. Ueber
den Zusammenbang und die Gliederung der Tertiarbildungen zwischen
Frankfurt-a.-M. und Marburg-Ziegenhain, 107.—0. Biemann. Die Kalke
des Taubensteins bei Wetzlar und ihre Fauna, 142.

Beilage-Band iv. Heft 1. 1885.
E-. Hausler. Die Lituolidenfauna der aargauiscben Impressascbicb-

ten, 1.—E. Betbwisch. Beitrage zur mineralogischen und chemiscben
Kenntniss des Bothgiiltigerzes, 31.—J. Gotz. Untersucbung einer Ges-
teinssuite aus der Gegend der Goldfelder von Marabastad ini nordlicben

Transvaal, Siid-Afrika, 110.—F. Schalcb. Beitrage zur Mineralogie des
Erzgebirges, 178.—J. Siemiradzki. Geologiscbe Beisenotizen aus Ecuador.
Ein Beitrag zur Kenntniss der typischen Andesitgesteine, 195.—W.
Voigt. Neue Bestimmungen der Elasticitatsconstanten fiir Steinsalz

und Flussspath, 228.

Beilage-Band iv. Heft 2. 1886.
J. Danker. Experimentelle Priifung der aus den Fresnel'scben Geset-

zen der Doppelbrechung abgeleiteten Gesetze der Totalreflexion, 241.—

'

F. Beyer. Zwei Profile durcb die Sierra Nevada, 291.—G. Thiirling.

Ueber Kalkspatbkrystalle von Andreasberg im Harz aus der Haus-
mann'scben Sammlung zu Greifswald, 327.—C. Scbmidt. Geologiscb-

petrograpbiscbe Mittbeilungen iiber einiger Porpbyre der Centralalpen

und die in Verbindung mit denselben auftretenden Gesteine, 388.

. Yereins fiir vaterlandiscbe Naturkunde in Wurttemberg.
Jabresbefte. Jahrgang xli. 1885.

0. Fraas. Die geologischen Verbiiltnisse von Heilbronn und Um-
gegend, 43.—J. Probst. Ueber fossilen Reste von Squalodon ; Beitrage

zur Kenntniss fossilen Reste der Meerssaugetiere aus der Molasse von
Baltringen, 49.— G. H. Scblicbter. Ueber Lias Beta, 78.— Dittus.

Beitrag zur Kenntniss der pleistocanen Fauna Oberschwabens, 306.

—

G. Fraas. Beitrage zur Fauna von Steinbeim, 313.

Jabrgang xlii. 1886.

Fraas, Der untere Lias der EUwanger Gegend, 51.—M. Probst. Der
Riesenhirscb von EUwangen, 52.—Nies. Ueber die sogenannten Wasser-
steine (Enbydros), 57.—Leuza. Die Pseudomorpbosen vom Rosenegg
bei Reilasingen in Hegau, 62.—J. Probst. Ueber die fossilen Reste von
Zabnwalen (Cetodonten) aus der Molasse von Baltringen, 102.—J. Probst.

Fossile Wirbel von Haien und Rocben aus der Molasse von Baltringen^

301.—Kloos. LTeber die cbemiscbe Zusammensetzung der dunklen
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-Swansea. South-Wales Institute of Engineers. Proceedings.

Vol. xiv. Nos. 4 & 5. 1885-8(3.

H. Cossham. On a remarkable Discovery of Coal at the Kingswood
Collieries, 1884, 184.

Sydney. Linnean Society of New South Wales. Proceedings.

Vol. X. Parts 1-3. 1885.

R. von Lendenfeld. The Glacial Period in Australia, 44.—F. Ratte.

On a Devonian Australian FoSvSil, allied to Worthenia, 79.—J. Milne
Curran. The Geology of Dubbo, 170.—J. Milne Curran. Notes on the

Geology and AVater-Supply of the Interior of New South Wales, 233.

—

R. von Lendenfeld. Note on the Glacial Period in Australia, 330.—F.
W. Hutton. On the supposed Glacial Period in Australia, 334.

. Royal Society of New South Wales. Journal and Proceedings

for 1884. 1885.
A. Leibius. Notes on Gold, 37.—A. Liversidge. On some New

South Wales Minerals, 43.—D. A. Porter. Notes on some Mineral
Localities in the Northern Districts of N. S. Wales, 75.—W. E. Abbott.
Water-Supply in the Interior of New South Wales, 85.

Tokio. Geological Society of Japan. Bulletin. Part B. Vol. i.

No. 1. 1886. (8vo.)

Matajiro Yokoyama. On the Jurassic Plants of Kaga, Hida, and
Echizen, 1.—T. Suzuki. On the Petrology of some Japanese Quartz-
Porphyries, 11.

. Seismological Society of Japan. Transactions. Vol. viii.

1885.
J. Milne. Seismic Experiments, 1.—F. Du Bois. Further Notes on

the Earthquakes of Ischia, 95.— Catalogue of Earthquakes for Tokio,

July 1883 to February 1885, 100.

. Tokio Daigaku [Tokio University]. Appendix to Memoir
No. 5. 2545 (1885).

Toronto. Canadian Institute. Proceedings. Series 3. Vol. iii.

Ease. No. 2. 1885.

Toulouse. Societe d'Histoire Naturelle. Bulletin Trimestriel.

19^ Annee (1885), Jan.-Sept. 1885.
F. Regnault. Un repaire d'Hjenes de la grotte de Gargas, 30.—A.

Gaudry. Note sur les ITyenes de la grotte de Gargas, d^couvertes par
M. Felix Regnault, 35.—A. Penck. La periode glaciaire dans les Pyrenees,
107.

Truro. Royal Cornwall Polytechnic Society. 53rd Annual Report

(1885). 1886.

Turin. Osservatorio deUa Regia Universita. BoUettino. Anno
xix. 1885.

. Reale Accademia delle Scienze. Atti. Vol. xx. Disp. 6-8.

1885.
L. Brugnatelli. Sopra alcune nuove combinazioni cristalline delle

Pirite di Brosso, Piemonte, 808.—F. Sacco. Massima elevazione del

Pliocene marine ai piede delle Alpi, 828.—A. Arzruni. Sopra uno scisto

faragonitifero degli Urali, 983.—A. Portis. Resti di Chelonii terziarii

tahani, 1095.—A. Portis. Resti di Batraci fossili Italiani, 1173.
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Turin. Reale Accademia delle Scienze. Atti. Yol. xxi. Disp. 1-3,

1886.
r. Virgilio. Di un antico lago giaciale presso Oogne, 291.

Fniversity College, London. Calendar, 1885-86, 1885.

Victoria Institute. Journal of the Transactions. Yol. xix. Nos.

74-76. 1885.
D. Mackintosh. On the Recency of the Close of the Glacial Period in

England and Wales, as shown by the limited depth of Post-Glacial

Stream-Channels ; the small extent of Demidation of Limestone -Rocks;
and the fresh aspect of Moraines, 73.—W. P. James. On the Relation
of Fossil Botany to Theories of Evolution, 168.

. . YoL XX. No. 77. 1886.

Yienna. Beitrage zur Palaontologie Oesterreich-Ungarns und
des Orients. Band iv. Hefte 3 & 4. 1886. Purchased.

F. Wahner. Beitrage zur Kenntniss der tieferen Zonen des unteren
Lias in den nordostlichen Alpen, 135.

. . Bandv. Heft 2. 1886. Purchased.

C. Zahalka. Ueher zwei Spongien aus der Kreideformation von
Raudnitz a. d. Elbe, Bohmen, 15.—A. Hofmann. Crocodiliden aus dem
Miocan der Steiermark, 26.

. Kaiserliche Akademie der Wissenschaften. Anzeiger, 1885,

Nos. 13-27. 1885.
A. V. Waltenhofeu. Ueber die Thermen von Gastein, 236.

. . , 1886. Nos. 1-14. 1886.
Max Schuster. Resultate der Untersuchung des Staubes, welcher

nach dem Schlammregen vom 14 October 1885 zur Klageufurt gesammelt
Wurde, 7.

. . Denkschriften. Band xlviii. 1884.

A. Bittner. Beitrage zur Kenntniss tertiarer Brachyuren-Faunen, 15,

. . . Band xlix. 1885.

L. Szajnocha. Zur Kenntniss der mittelcretacischen Cephalopoden-
Fauna der Inseln Elobi an der Westkiiste Afrika's, 231.

. . Sitzungsberichte. Mathematisch-naturwissenschaft-

liche Classe, 1884. Band xc. Hefte 1-5 (Abth. 1). 1884-85.
L. Tausch. Ueber einige Conchylien aus dem Tanganyika-See und

deren fossile Yerwandte, 56.—C. v. Ettingshausen. Ueber die fossile

Flora der Hottinger Breccie, 260.— F. Toula. Geologische Unter-

suchungen im centralen Balkan und in den augrenzenden Gebieten,

274.—K. A..Pencke. Das Eocan des Krappfeldes in Karnten, 327.

—

J. N. Woldrich. Diluviale Arvicolen aus dem Stramberger Hohlen
in Mahren, 387.—F. Toula. Ueber Amphiajon, Hycemoschus, und Rhi-
noceros {Aceratherium) von Goriach bei Turnau in Steiermark, 406.

. . . ,1885. Bandxci. Hefte 1-4. 1885.

C. V. Ettingshausen. Die fossile Flora von Sagor in Krain, III., 7.

—

G. Bruder. Die Fauna der Juraablagerung von Hohnstein in Sachsen,

67.—D. Stur. Die obertriadische Flora der Lunzer-Schichten und des

bituminosen Schiefers von Raibl, 93.—Y. v. Zepharovich. Orfchoklas als

Drusenmineral in Basalt, 158.
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Yienna. Kaiserlich-konigliche Eergakademien zu Leoben und Pri-

bram und die koniglich-nngarische Bergakademie zu Scbemnitz,

Berg- und Hiittenmannisches Jahrbuch. Band xxxiii. Hefte

3 & 4. 1885.

. Kaiserlich-konigliche geologische Eeichsanstalt. Jahr-

buch, 1885. Band xxxv. Hefte 1-4. 1885.

F. Schneider. Ueber den vulkanischen Zustand der Sunda-Inseln und
der Molukken im Jahre 1884, 1,—C. Diener. Ueber den Lias der Rofan-

Gruppe, 27.—C. v. John. Ueber die von Herrn Dr. Wahner ausPersien
mitgebrachten Eruptivgesteine, 37.—H. t. Foullon. Ueber die Gesteine

und Minerale des Arlberg-tunnels, 47.—R. Canaval. Die Goldseifen von
Tragin bei Paternion in Karnten, 105.—T. Fuchs. Zur neueren Tertiar-

literatur, 123.—A. Brezina. Die Meteoritensammlung des k. k. mine-
ralogische Hofkabinetes in Wien am 1 Mai 1885, 151.—A. Stelzner.

Ueber Nephelinit vom Podhorn bei Marienbad in Bohmeu, 277.—E.
Tietze. Beitrage zur Geologie von Lykien, 283.—A. Brunnlechner.

Beitrage zur Charakteristik der Erzlagerstatte von Littai in Krain, 387.

—F. Becke. Ueber die bei Czernowitz in Sommer 1884 und Winter
1884-85 stattgefundenen Rutschungen, 397.—V. Hilber. Die Randtheile

der Karpathen bei Debica, Ropczvce und Lancut, 407.—A. Bohm.
Die alten Gletscher der Enns und Steyr, 429.—D, Stur. Ueber die in

Flotzen reiner Steinkohle enthaltenen Steinrundmassen und Torf-Spharo-

siderite, 613.—C. Brongniart. Die fossilen Insecten der primaren Schichten,

649.—A. V. Groddeck. Ueber die Gesteine der Bindt in Ober-Ungarn,
(563.—J. Frlih. Kritische Beitrage zurKenntniss des Torfes, 677.—H. v.

Foullon. Ueber die KrystalLform des Barythydrat und Zwillinge des

Strontianhj'drat, 727.—R. Zuber. Die Eruptiv-Gesteine aus der Umge-
bung von Krzeszowice bei Krakau, 735.

. . . Band xxxvi. Heft 1. 1886.

_ A. Bittner. Noch ein Beitrag zur neueren Tertiarliteratur, 1.—J. M.
Zujovic. Geologische Uebersicht des Konigreiches Serbien, 71.—M.
Andrussow. Die Schichten von Kamyschburun und der Kalkstein von
Kertsch in der Krim, 127.—V. Uhlig. Ueber eine Mikrofauna aus dem
Alttertiar der westgalizischen Karparthen, 141.—G. Geyer, Ueber die

Lagerungsverhaltnisse der Hierlatzschichten in der siidlichen Zone der

Nordalpen vom Pass Pyhrn bis zum Achensee, 215.

. . Verhandlungen, 1885. Nos. 12-18. 1885.

G. Geyer. Untersuchungen tiber die Lagerungsverlialtnisse des Lias

in den ostlichen bayerischen Kalkalpen, 293.—E. Tietze. Ueber ein

Vorkommen von Granit inmitten der galizischen Flyschzone, 300.

—

V. Uhlig. Reisebericht aus der Tatra, 303.—C. L. Griesbach. Geo-
logische Notizen aus Afghanistan, 314.—0. v. John. Olivingabbro von
Szarvasko, 317.—F. Teller. Ein neuer Fundort triadischer Cephalo-

poden, 318.—G. Teglas. Die Hohlen bei Boicza in Siebenbiirgen, 319.

—

E. Siiss. Ueber schlagende Wetter, 320.—J. Niedzwiedzki, Bisherige

Ergebnisse der Tiefbohrung in Kossocice bei Wieliczka, 331.—A. Rzehak.
Ueber das Auftreten der Foraminiferengattung Epistomina, Terquem, im
Eociin Nieder-Oesterreichs, 332.—A. Rodler. Das Knochenlager und die

Fauna von INIaragha, 333.—E. Tietze. Einige Notizen aus dem nord-

ostlichen Ungarn, 337.—F. Teller. Fossilliihrende Horizonte in der

oberen Trias der Saunthaler Alpen, 355.—V. Hilber. Zur Frage der

exotischen Blbcke in den Karpathen, 361.—A. Penck. Ueber inter-

glaciale Breccien der Alpen, 363.—A. Bittner. Ueber die Plateaukalke
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des Untersberges, 366.—E. Tietze. Zur Frage der exotisclieii Blocke in

den Karpathen, 379.—F. Toula. Siisswasserablagerimgen mit Unionen
in der N eulinggasse, 390.—R. Handmann. Zur Siisswasserkalk-Ablage-

rung in Baden, 391.—R. Handmann. Ueber Neritina Prevostiana, Pf.,

392.—F. Sandberger. Fossile Binnen-Concliylien aus den Inzersdorfer

(Congerien-) Scliichten von Leobersdorf in Niederosterreicli und aus dem
Susswasserkalke von Baden, 393.—K. A. Pencke. Notizen iiber einige

Formen aus den Paludinenscbicliten von Krajova in Rumanien, 394.—H.
Haas. Bemerkungen beziiglich der BracMopodenfauna von Castel-

Tesino, 395.—E. Kittl. Die fossile Saugethier-Fauna von Maragha in

Persieu, 397.—J. N. Woldricli. Ueber eigenthiimlicbe Grapbit-Con-
cretionen aus Schwarzbacb in Bobmen, 399.—Baron H. v. Foullon.

Quarze aus Carrara^ 402.

Vienna. Kaiserlich-konigliche geologische Reichsanstalt. Ver-
handlungen, 1886. Nos. 1-6. 1886.

D. Stur. Jabresbericbt, 1.—F. Toula. Der Bergriicken von Altbofen
in Karnten, 48.—W. Deecke. Ueber die von Herrn Oberbergratb Stache
in den Steiner Alpen gesammeltes Saurierfragment, 50.—A. Bittner.

Ueber das Vorkommen von Koninckiniden und verwandten Bracbiopoden-
gattungen im Lias der Ostalpen und in der alpineu Trias, 52.—R. Hand-
mann. Ein neuer Aufscbluss von Tertiar-Oonch3dien bei Voslau, 56.

—

W. S. Gresley. Ueber das Vorkommen von Quarzit-Gerollen in einem
Koblenflotze in Lincolnsbire, 58.—S. Nikitin. Das russiscbe geologiscbe

Comite, 59.—G. Stacbe. Ueber die " Terra rossa " und ibr Verbaltniss

zum Karst-Relief des Kiistenlandes, 61.—F. v. Hauer. Die "Annalen
des k. k. natm'bistoriscben Hofmuseum," 68.—M. Vacek. Ueber den
geologiscben Bau der Centralalpen zwiscben Enns und Mur, 71.—Baron
H. von Foullon. Ueber die Grauwacke von Eisenerz. Der ^'Blasseneck-

Gneiss," 83.—A. Bittner. Aus dem Ennstbaler Kalkhocbgebirge, 92.

—

F. Teller. Zur Entwicklungsgescbicbte des Tbalbeckens von Ober-Seeland

im siidlicben Karnten, 102.—R. Scharizer. Ueber das Turmalinvor-
kommen von Scbiittenhofen in Bobmen, 109.—Baron H. von Foullon.

Ueber die Verbreitung und die Varietaten des " Blasseneck-Gneiss " und
zugeborige Scbiefer, 111.—A. Bittner. Ueber die Koninckiniden von
Set. Cassian, speciell iiber das Auftreten einer der Koninckella {Leptcena)

Hasina, Boucb., nabestebenden Form daselbst, 117.— F. Sandberger.

Bemerkungen iiber einige Binnen-Conchylien des Wiener Beckens, 118.

—P. Pocta. Notiz iiber eine neue Korallengattung aus dem bohmiscben
Cenoman, 119.—V. Hilber. Zur Frage der exotiscben Blocke in den
Karpatben, 120.—0. L. Griesbacb. Mittbeilung aus Afghanistan, 122.

—E. Doll. Ueber zwei neue Criterien fiir die Orientirung der Meteoriten,

123.—D. Stur. Vorlage der Flora von Hotting im Inntbale nordlicb

bei Innsbruck, 124.—F. Toula. Neuer Inoceramenfund im Wienersand-
stein des Leopoldsberges bei Wien, 127.—A. Rzehak. Die Neogenfor-

mation in der Umgebung von Znaim, 128.—A. Bittner. Bemerkungen
zu Herrn G. Geyer's Arbeit: "Ueber die Lagerungsverbaltnisse der

Hierlatzschicbten," 130.—0. M. Paul. Zur Geologie der westgaliziscben

Karpatben, 134.—V. Ublig. Ueber das Gebiet von Rauschenbacb, 147.

. Kaiserlich-konigliche naturhistorische Hofmuseums. An-
nalen. Band i. Nos. 1 & 2. 1886.

E. Kittl. Ueber die miocene Pteropoden von Oesterreich-Ungarn, 47.

—

F. Brauer. Ansicbt iiber die palaozoiscben Insecten und deren Deutung,
87.—V. Goldscbmidt. Bestimmung des specifiscben Gewicbtes von Mine-
ralien, 127.—A. Brezina. Ueber die Krystallform des Tellurit, 135.
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Vienna. Kaiserlich-konigiiche zoologisch-botanische Gesellschaft.

Yerhandlungeu. Band xxxv. 1 Halbjahr (1885). 1885.

. . . . 2 Halbjahr (1885). 1886.

. Mineralogische und petrographische Mittheilungen. N. F.

Band vii. Hefte 3-5. 1885-86. Purchased.

K. Yon Clirustsclioif. Ueber einen eig-entliiimlichen Einscbliiss im
Granitporphyr von Beucha, 181.—A. Catbrein. Ueber Wildscboiiauer •

Gabbro, 189.—R. Zuber. Die Krystalliniscben Gesteine vom Quellgebiete

des Czeremosz, 195.—F. Becke. Aetzversucbe an Mineralen der Mag-
netitgruppe, 200.—F. Becke. Notizen aus dem niederosterreicbischen

Waldviertel, 250.—M. Schuster. Ueber den Albit vom Kasbek, 373.—
G. Tscbermak. Das Miscbungsgesetz der Skapolitbreihe, 400.—K. von
Cbrustscboff, Beitrag zur Kenntniss der Zirkone in Gesteinen, 423.—:

M. Schuster. Ueber das KrystaUsystem des Braunites von Jakobsberg,
443.—H. Wiclimann. Mineralogische Zusammensetzung eines Gletscher-

sandes, 452.—M. Schuster. Ueber das neue Beryllvorkommen am Ifinger,

455.—L. Sipocz. Ueber die chemnische Zusammensetzung einiger seltener

Minerale aus Ungarn, 261.—K. von Ohrustschoff. Mikropetrographische
Mittheilung, 295.—F. H. Hatch. Ueber die Gesteine der Vulcangruppe
von Arequipa, 308.—G. Tscbermak. Zinnober von Nikitowka, 361.

Warwick. Warwickshire Natural History and Archaeological Society.

49th Annual Report, 1885. 1885.

. Warwickshire jSTaturalists' and Archaeologists' Field Club.

Proceedings, 1884. 1885.
W. Andrews. On recent observations on the Trias in Central Warwick-

shire, 18.—W. Andrews. The Great Chalky Boulder Clay in Central
W' arwickshire, 32.—P. B. Brodie. An account of the different borings in

England in search of the Carboniferous Rocks, 34.

Washington. Smithsonian Institution. Annual Report of the

Board of Regents for the year 1883. 1885. (8vo.)

. . Contributions to Knowledge. Vol. xxiv. 1885,

(4to.)

Vol. XXV. 1885. (4to.)

E. D. Cope. On the Contents of a Bone Cave in the Island of Anguilla.

No. iii.

Third Annual Report of the Bureau of Ethnology,
1881-82. 1884.

Watford. Hertfordshire Natural History Society and Field Club.

Transactions. Vol. iii. Parts 5-9. 1885-86.
T. Rupert Jones. The Origin and Composition of Chalk and Flint,

with special reference to their Foraminifera and other Minute Organisms,
143.—John Hopkinson. List of Works on the Geologv of Hertfordshire,

1874-83, 165.—W. Whitaker. Some Hertfordshire Well-sections, 173.

—Excursion to Hertford and Ware, Ixv.

Wellington, N. Z. New-Zealand Institute. Transactions and Pro-

ceedings, 1884. Vol. xvii. 1885.

F. W. Hutton. On the Age of the Orakei Bav Beds near Auckland,
307.—F. W. Hutton. Description of New Tertiary Shells, 313.—J. von
Haast. On the Geological Structure of the Southern Alps of New Zea-
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land in the Provincial Districts of Canterbury and Westland, 332.

—

J. Hector. Note on the Geological Structure of the Canterbury Moun-
tains, 337.—A. Liversidge. Analysis of Slate in contact with Granite

from Preservation Inlet, New Zealand, 340.—J. C. Crawford. On Water-
worn Pebbles in the Soil, 341.—J. C. Crawford. On Changes in the
Hataitai Valley, 342.—W. Wells. On the Drift Beds of Wakapuaka,
344.

Wiesbaden. Nassauische Yerein fiir Naturkunde. Jahrbiicher.

Jahrgang xxxviii. 1885.

C. Bromme. Die Conchylien-Fauna des Mosbacher Diluvialsandes, 72.

York. Yorkshire Philosophical Society. Annual Keport for 1885.

1886.

Zoological Society. Proceedings, 1885. Parts 2-4. 1885-86.
E. T. Newton. On the Kemains of a Gigantic Species of Bird from

Lower Eocene Beds near Croydon, 445.

. Report of the Council for the Year 1885. 1886. •

. Transactions. Yol. xi. Parts 10 & 11. 1885.

. . Yol. xii. Parts 1 & 2. 1886.

R. Owen. On Binornis, containing a Description of the Sternum of

Dinornis elephantopus, 1.

2. Books.

Names of Donors in Italics.

Achiardi, A. d\ Delia trachite e del porfido quarziferi di Donoratico

presso Castagneto nella provincia di Pisa. 8vo. Pisa, 1885.

. Formalinolite del Bottino nelle Alpi Apuane. 8vo. Pisa,

1885.

. Diabase e diorite dei Monti del Terriccio e di Reparbella,

Prov. di Pisa. 8vo. Pisa, 1885.

Albrecht, P. Anatomische Schriften des Professors Paul Albrecht.

Sheet.

Die 4 Zwischenkiefer, das Quadratum, das Quadrato-jugale,

das Jugale, die Postfrontalia, das Basioticum, die epipituitaren

Wirbelcentren, den Proatlas und Costoide der Saugethiere. Hvo.

Copenhagen, 1884.

Ueber die Wirbelkorperepiphysen und Wirbelkorpergelenke

zwischen dem Epistropheus, Atlas und Occipitale der Saugethiere.

8vo. Copenhagen, 1884.

— . Epiphyses entre I'occipital et le sphenoi'de chez I'homme

;

Os trigone du pied chez rhomme ; Epihallux chez I'homme. 8vo.

Brussels, 1885.

— . Ueber die morphologische Bedeutung der Pharynxdiver-

tikel : Ueber die Shepherd'schen Erakturen des Astragalus : Ueber
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kongenitaleii Defekt der drei letzten Sakral- und sammtlicher

Steiszwirbel beim Menschen : Ueber sechsschneidezahnige Gebisse

beim nonnalen Menschen : Ueber zweiwiirzelige Eck- und Schnei-

dezahne beim Menschen. 8vo. Berlin, 1885.

Albrecht, P. Zur Zwischenkieferfrage. 8vo. Berlin, 1885.

Sur la non-homologie des poumons des vertebres pulmones
avec la vessie natatoire des poissons. 8vo. Paris, 1886.

A^iderson, J. W. The Prospector's Handbook. 8vo. London,
1886.

Antwerp. Exposition TTniyerselle d'Anvers, 1885. Exposition

Collective des Charbonnages du Bassin de Liege organisee par

I'Union des Charbonnages, Mines et Usines Metallurgiques de la

Province de Liege. Catalogue Special. 8vo. Liege, 1885.

Presented hy H. Bauerman, Esq., P.G.S.

Notice sur I'Exposition Collective des Charbonnages
patronnes par la Societe Generale pour favoriser I'Industrie Ra-
tionale. 4to. Brussels, 1885. Presented hy H. Bauerman, Esq.,

F.G.S.

Argentine Republic. Seccion de Minas del Department de Ohras
Publicas de la Nacion. Informe del primer aiio 1885. 8vo.

Buenos Aires, 1886.

Army Medical Department. Report for the Year 1883. 8vo.

London, 1885.

AsTihurner, C. A. Brief description of the Anthracite Coal Fields of

Pennsylvania. 8vo. Philadelphia, 1884.

Recent Publications of the Second Geological Survey of Penn-

sylvania. 8vo. Philadelphia, 1885.

The Geology of Natural Gas in Pennsylvania and New York.

8vo. Easton, 1885.

. The Product and Exhaustion of the Oil Regions of Pennsyl-

vania and New York. 8vo. Easton, 1885.

Australian Museum. Catalogue of the Australian Hydroid Zoophytes

by W. M. Bale. 8vo. Sydney, 1884.

Bailey, W. H. The Opportunities of the Medical Profession and

their demands. 8vo. Syracuse, 1881.

Ball, V. Report on the Museums of America and Canada. 8vo,

London, 1885.

. [Report on the Science and Art Museum, DubHn.] 8vo.

Dublin, 1885.

BaUaarat. School of Mines. Annual Report, 1886. 8vo. 1886.

VOL. XLH.
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Baltic. Entrees de la Mer Baltique. Ynes de Cotes. 8vo. Paris,

1884. Presented hy the Depot de la Marine.

. Yues de Cotes (No. 678). Mer Baltique—Cote Nord de Prusse
(de Pelzerhaken a la frontiere Eusse). 8vo. Paris, 1885. Pi^e-

sented hy the Depot de la Marine.

Barrois, O. Meilioire sur le Calcaire Devonien de Chaudefonds,
Maine-et-Loire. 8vo. Lille, 1886.

Bartlett and Chapman. British Mines and Mining. 8vo. London,
1870. Presented by W, WhitaJcer, Esq., F.G.S.

Beedle's Popular Handbook of Weston-super-Mare, with walks, rides

and drives in the Neighbourhood. 8vo. Weston-super-Mare, n. d.

2nd edition. Presented hy W. WhitaJcer, Esq., F.G.S.

Belgium. Musee Royal d'Histoire Naturelle de Belgique. Service

de la Carte Geologique du Boyaume. Textes explicatifs des feuilles

de Thourout, Boulers, Wacken et Meix-devant-Yirton. 8vo.

Brussels, 1885.

Berendt, G., und W. Dames. Geognostische Beschreibung der Um-
gegend von Berlin 1885. Presented hy H. Bauerma7i, Esq., F.G.S.

Blanford, W. T. On the Laterite of Orissa. 8vo. Calcutta, 1859.

On the Geological Structure and Relations of the Baniganj

Coal Pield, Bengal. 8vo. Calcutta, 1865.

— . Notes on route from Poena to Nagpur via Ahmednugger,
Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. 8vo.

Calcutta, 1868.

On the Coal Seams of the Neighbourhood of Chanda. Svo.

1869.

Calcutta, 1868.

— . Note on the Geology of the Neighbourhood of Lynyan and
Runneekote, North-west of Kotree, in Sind. 8vo. Calcutta,

1869.

On the Geology of a Portion of Cutch. 8vo. Calcutta,

— . On the Geology of the Taptee and Nerbudda Yalleys and
some adjoining Districts. 8vo. Calcutta, 1869.

—. Note on the Lead-vein near Chicholi, Eaipur District. 8vo.

Calcutta, 1870.

— . Report on the Coal at Korba in the Bilaspur District. 8vo.

Calcutta, 1870.

—. Note on the Plant-bearing Sandstones of the Godavery Yalley,

on the southern extension of rocks belonging to the Kamthi group,

to the neighbourhood of EUore and Rajamandri, and on the pos-

sible occurrence of coal in the same direction. 8vo. Calcutta,

1871.
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Blanford, W. T. Description of the Geology of Nagpur and its

neighbourhood. 8vo. Calcutta, 1872.

. Note on Maskat and Massandim on the east coast of Arabia.

8vo. Calcutta, 1872.

— . Note on the Geological formations seen along the coasts of

Biluchistan and Persia from Karachi to the head of the Persian

Gulf and on some of the Gulf Islands. 8vo. Calcutta, 1872.

—. Sketch of the Geology of the Bombay Presidency. 8vo.

Calcutta, 1872.

—. Geological Notes on the Hills in the neighbourhood of Sind
and Punjab Frontier between Quetta and Dera Ghazi Khan. 8vo.

Calcutta, 1873.

Flint-cores and Plakes from Sakhar and Rohri on the Indus,

Sind. 8vo. Calcutta, 1875.

Notes on the Geological Age of certain groups comprised in

the Gondwana Series of India and on the evidence they afford of

distinct Zoological and Botanical Terrestrial Kegions in Ancient
Epochs. 8vo. Calcutta, 1876.

— . On the Geology of Sind. 8vo. Calcutta, 1876.

—. . (Second notice.) 8vo. Calcutta, 1878.

— . Geological Notes on the Great Indian Desert between Sind

and Rajputana. 8vo. Calcutta, 1877.

— . Account of the Geology of Sind. 8vo. Calcutta, 1878.

— . The Geology of Western Sind. 8vo. Calcutta, 1879.

— . Note on the Coal of Mach (Much) in the Bolan Pass and of

Sharag or Sharigh on the Harnai Route between Sibi and Quetta.

8vo. Calcutta, 1882.

Report on the Pench River Coal-field in Chhindwara Dis-

trict, Central Provinces. 8vo. Calcutta, 1882.

Report on the Proceedings and Results of the International

Geological Congress of Bologna. 8vo. Calcutta, 1882.

— . On the Geological Structure and Physical Features of the

District of Bancoorah, Midnapora, and Orissa, Bengal. 8vo.

Calcutta, 18—

.

On the Rocks of the Damuda group and their associates in

Eastern and Central India, as illustrated by the re-examination

of the Raniganj field. 8vo. Calcutta.

Bodewig, C, und Q. Vom Rath, Colemanit aus Californien. 8vo.

Leipzig, 1885.

o2
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Bohemia. Naturwissenschaftl. Landesdurchforschung von Bohmen.
Archiv. Band 5. Ko. 5. 8vo. Prag, 1885. Purchased.

J. Krejci nnd K. Feistmantel. Orograpliiscli-geotektomsclie iibersicht

des silurischen Gebietes im mittleren Bolimeii, 5.

Bombay. Articles on the Geology of portions of the Bombay Pre-

sidency, by T. Theobald, A. H. Leith, W. T. Blanford, and R. B.

Poote. 8yo. Bombay, 1878.

Bonney, T. O. Additional Note on Boulders of Hornblende Picrite

near the Western Coast of Anglesey. 8vo. London, 1883.

On a supposed Case of Metamorphism in an Alpine Bock of

Carboniferous Age. 8vo. London, 1883.

— . On some Specimens of Lava from Old Providence Island.

8vo. London, 1883.

— . Notes on Picrite (Palseopicrite) and other Eocks from Gipps'

Land and a Serpentine from Tasmania. 8vo. London, 1884.

— . Address to the Mineralogical Society, 1884. 8vo. London,

1884.

— . Notes on the Microscopic Structure of some Eocks from the

Andes of Ecuador, collected by E. Whymper. Nos. I.-V. 8vo.

London, 1884.

On the Geology of the South Devon Coast from Torcross to

Hope Cove. 8vo. London, 1884.

— . Eemarks on Serpentine. 8vo. London, 1884,

— . On the Occurrence of a Mineral allied to Enstatite in the

Ancient Lavas of Eycott HiU, Cumberland. 8vo. London, 1885.

Address delivered at the Anniversary Meeting of the Geolo-

gical Society of London on the 20th Eebruary, 1885. 8vo.

London, 1885.

— . On Bastite, Serpentine, and Troktolite in Aberdeenshire,

with a Note on the Eock of the Black Dog. 8vo. London, 1885.

— . On the so-called Diorite of Little Knott (Cumberland), with

further remarks on the Occurrence of Picrites in Wales. 8vo.

London, 1885.

Eemarks on the Stratified and Igneous Eocks of the valley

of the Mouse in the Erench Ardennes. 8vo. London, 1886.

Eeport on the Eocks collected by H. Johnston, Esq., from

the Upper part of the Kilima-njaro massif (Equatorial Africa).

8vo. London, 1886.

. On the Microscopic Structure of a Boulder from the Cambridge

Greensand found at AshweU, Herts. 8vo. Cambridge, 18—

.

—. See Daivson, Sir J. W.
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Bower, J. Slate Quarries as an investment. 8vo. London, 1865.
.

Presented hy H. B. Woodward, Esq.^ F.G.S.

Brezina, A. Die Meteoritensammlung des k. k. mineralogischen

Hofkabinetes in Wien am 1. Mai 1885. 8vo. Vienna, 1885.

Purchased.

British Museum. Catalogue of the Fossil Mammalia in the British

Museum (Natural History). Part II. By R. Lydekker. 8vo

London, J 885. Presented by the Trustees.

. . Part III. By E. Lydekker. 8vo. London, 1886.

Presented by the Trustees.

Catalogue of the Palaeozoic Plants in the Department of

Geology and Palaeontology. By R. Kidston. 8vo. London, 1886.

Presented by the Trustees.

Brongniart, C. Notice sur quelques poissons des lignites de Menat.
8vo. Caen, 1880.

. Excursion dans I'Atlas. 8vo. Paris, 1881.

Comite central agricole de la Sologne. 8vo. Eomorantin,

1882.

— . Sur la decouverte d'une empreinte d'Insecte dans les gres

siluriens de Jurques (Calvados). 4to. Paris, 1882.

— . Sur un nouvel Insecte fossile de I'ordre des Orthopteres,

provenant des terrains houillers de Commentry (Allier). 4to.

Paris, 1882.

— . Sur un nouvel Insecte fossile des terrains carboniferes de

Commentry (Allier) et sur la faune entomologique du terrain

houiller. 8vo. Paris, 1882.

Note complementaire sur le Titanophasma Fayoli et sur les

Protojphasma Dumasii et Woodwardii. 8vo. Paris, 1883.

Restaurations d'ailes d'insectes provenant du terrain car-

bonifere de Commentry (AUier). 8vo. Paris, 1881.

Sur un gigantesque Neurorthoptere, provenant des terrains^

houillers de Commentry (Allier). -Ito. Paris, 1884.

— . Les Insectes Fossiles des terrains primaires. 8vo. Rouen,
1885.

— . Les Thysanoures. 8vo. Paris, 1885.

. The Fossil Insects of the Primary Group of Rocks. 8vo.

Salford, 1885.

Brown, J. A. Some notes on Flint. 8vo. Ealing, 1882. Presented

by W. WhitaJcer, Esq., F.G.S.
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•Browne, H. The Geology of Scripture, illustrating the Operation

of the Deluge and the effects of which it was productive. 8vo.

Frome, 1882. Purchased.

Canada. Canadian Economics, being papers prepared for reading

before the Ecouomic Section of the British Association (Montreal

Meeting), with Introductory Beport. 8vo. Montreal, 1885.

Presented hy Dr. W. T. Blanford, F.E.S., Sec. G.S.

— . Geological and Natural-History /Survey. Contributions to

Canadian Palaeontology. Yol. I. by J. E.Whiteaves. 8vo. Montreal,

1885.

— . . Catalogue of Canadian Plants.—Part II. Gamo-
petalae, by John Macoun. 8vo. Montreal, 1884.

— . . Eeport of Progress, 1882-83-84. 8vo. Montreal,

1885.

. . Summary Eeport of the Operations of the Survey to

31 December 1885, being Part 3 of the Annual Eeport of the

Department of the Interior, 1885. 8vo. Ottawa, 1886.

Cape of Good Hope. Eeport on a supposed extensive deposit of

Coal underlying the Central District of the Colony, by E. J.

Dunn. 4to. Cape Town, 1886. Presented hy T. Stewart, Esq.,

F.G.S.

Ca^ellini, G. SuUe rocce vulcaniche di Montecatini e Orciatico

neUa Provincia di Pisa. 4to. Eome, 1885

Challenger. Eeports on the Scientific Eesults of the Voyage of

H.M.S. ' Challenger ' during the years 1873-76. Botany. Vol. i.

4to. London, 1885. Presented hy H.M. Treasury.

. . Zoology. Vol. xii. 4to. London, 1885. Pre-

sented hy H.M Treasury.

. . . Vol. xiii. 4to. London, 1885. Presented

hy H.M. Treasury.

. . . Vol. xiv. 4to. London, 1886. Presented

hy H.M. Treasury.

Chater, J. The Indian Coal Mines : is Legislation necessary to

regulate their working? 8vo. Calcutta, 1885. Presented hy

Patrick Doyle^ Esq.

China. Instructions nautiques sur les Mors de Chine. Tome
Premier. 8vo. Paris, 1885. Presented hy the Depot de la

Marine.

Tomes ii. et iii. 8vo. Paris, 1884. Presented hy
ike Depot de la Marine.
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Congress. Dem Internationalen Geologen Congress zu Berlin 1884
iiberreicht von der Grossherzoglich hessischen geologischen Landes-
anstalt zu Darmstadt. 8vo. Darmstadt, 1884. Presented hy
H. Bauerman, Esq., F.G.S.

C(ype, E. D. On the Structure of the Brain and Auditory Apparatus
of a Theromorphous Eeptile of the Permian Epoch. 8vo. Phila-

delphia, 1885.

-. Palaeontological Bulletin. No. 40. 8vo. Philadelphia,

1885.

—
. Prof. Marsh on the Dinocerata. 8vo. Salem, 1885.

— . Report on the Coal Deposits near Zacualtipan, in the State

of Hidalgo, Mexico. 8vo. Philadelphia, 1885.

The relations between the Theromorphous Eeptiles and the
Monotreme Mammalia. 8vo. Salem, 1885.

— . On the Intercentrum of the Terrestrial Yertebrata. 4to.

PhHadelphia, 1886.

— . The Batrachian Intercentrum. 8vo. Salem, 1886.

Cornet, F. L. Sur une coupe observee a Mesvin dans le Terrain
Quaternaire. 8vo. Brussels, 1885.

Cotteau, G. Echinides du Terrain Eocene de Saint-Palais. 8vo.

Paris, 1884.

. Paleontologie Erancais : Terrain Jurassique, Echinodermes
Reguliers. (Livr. 71, 73^ 75, 76, et 78.) Eeuilles 47-60. 8vo.

Paris, 1884-85.

La Geologie au Congres Scientifique de Blois in 1884.

LTiomme tertiaire de Thenay. 8vo. Auxerre, 1885.

— . Echinides nouveaux oupeu connus (3^ article). 8vo. Paris,

1884.

•. Considerations sur les Echinides du terrain jurassique de la

France. 4to. Paris, 1885.

Sur les calcaires a Echinides de Stramberg (Moravie). 4to.

Paris, 1884.

Cotteau, Peron et Gauthier. Echinides fossiles de I'Algerie. Ease. 9.

Etage Eocene. 8vo. Paris, 1885. Purchased.

Credner, H. Die geologische Landesuntersuchung des Konigreiches

Sachsen. 8vo. Leipzig, 1885.

. Die Stegocephalen aus dem llothliegenden das Plauen'schen

Grundes bei Dresden. 8vo. Berlin, 1885.
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Croll, James. On tlie Probable Origin and Age of the Sun. 8vo.

London, 1877. Presented by W. WhitaJcer, Esq.

Dagincourt,— . Annuaire Geologique TJniversel et Guide du Geologue
autour de la terre. 8vo. Paris, 1885.

Dana, J. D. Manual of Mineralogy and Lithology. 8vo. London,
1882. Purchased.

. Papers on the Quaternary in New England, including the

Glacial and Fluvial Phenomena, or the Drift and Terraces. 8yo.

New Haven, 1884.

JDauhree, A. Les Mete'orites et la constitution du globe terrestre.

8vo. Paris, 1886.

Davidson, T. On a Living Spinose Rhynchonella from Japan. 8vo.

London, 1886. Presented by Mrs. Davidson.

Pawson, G. M. Boulder Clays. 8vo. Chicago, 1885.

Dawson^ Sir J. W. On the Mesozoic Floras of the Eocky Mountain
Region of Canada. 4to. Montreal, 1885.

. On the Geological Eelations of Rocks from Assouan and its

Neighbourhood. Note on the Microscopic Structure of some
Rocks from the Neighbourhood of Assouan, collected by Sir J.

W. Dawson, by Prof. T. G. Bonney. 8vo. London. 1886. (To
illustrate specimens presented by the Authors.)

Derby, 0. A. Contribuigao para o estudo da Geographica Physica

do Valle do Rio Grande. 8vo. Rio de Janeiro, 1885.

De Ranee ^ C. E. 9th, 10th, and 11th Reports of the Committee
appointed for the purpose of investigating the Circulation of

Underground Waters in the Permeable Formations of England
and Wales, and the Quantity and Character of the Water supplied

to various Towns and Districts from these Formations. 8vo.

London, 1883, 1884, and 1885.

. On the Occurrence of Brine in the Coal Measures, with some
remarks on Filtration. 8vo. Manchester, 1885.

DeslongcJiamj^s, E. Eudes-. Notice sur T. Davidson. 8vo. Caen,

1886.

Dewalque, *G. Melanges Geologiques. Ser. 5. 8vo. Liege &
Brussels, 1882-85.

Compte rendu de la session extraordinaire de la Societe

Geologique de Belgique tenue a Liege les 26, 27 et 28 Aout 1883.

8vo. Liege, 1884.

Quelques observations au sujet de la note de M. E. Dupont
sur le Poudingue de Weris. 8vo. Brussels, 1885.

— . Stries glaciaires dans la vallee de I'Ambleve. Filons gra-

nitiques et poudingues de Lammersdorf. 8vo. Liege, 1885.
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Dowries, W. Geological ]S"otes upon the Honiton District. 8vo.

Plymouth, 1885.

Doyle, P. Coal Mining by blasting in the Bengal Coalfield. (Pro-

fessional Papers on Indian Engineering, ser. 3, vol. iii. no. 12.)

4to. Roorkee, 1885.

. The Indian Coal-Mines. 8vo. Calcutta, 1886.

Duncan, P. M. On the Perignathic Girdle of the Echinoidea. 8vo.

London, 1885.

. On the Structure of the Ambulacra of some Fossil Genera
and Species of Regular Echinoidea. 8vo. London, 1885.

. On the Anatomy of the Ambulacra of the Recent Diade-

matidae. 8vo. London, 1S85.

, and W. P. Sladen. A Monograph of the Eossil Echinoidea

of Sind, collected by the Geological Survey of India. Part 5.

4to. Loudon, 1885.

Dupont, E. Note sur le Terrain Devonien Moyen de la Belgique.

8vo. Brussels, 1885.

. Note sur le Devonien Inferieur de la Belgique. Le Poudingue
de Weris et sa transformation au Sud-Est de Marche-en-Famenne.
8vo. Brussels, 1885.

. Sur les Calcaires Franiens d'origino corallienne et ear leur

distribution dans le Massif Paleozoique de la Belgique. 8vo.

Brussels, 1885.

East Indies. Instructions nautiques sur le Grande Archipel d'Asie.

8vo. Paris, 1885. Presented by the Depot de la Marine.

Emmons, S. F., and G. F. BecJcer. Geological Sketches of the

Precious Metal Deposits of the Western United States, with
Notes on Lead Smelting at Leadville. 4to. Washington, 1885.

Encyclopaedia Britannica. 9th edition. Vol. xx. Pru-Ros. 4to.

Edinburgh, 1886. Purchased.

Encyclopaedic Dictionary. Vol. iv. part 2. Int-Mel. 4to. London,
1885. Presented by the Rev. Robert Hunter, F.G.S.

. Vol. V. part 1. Mem-Part. 4to. London, 1885. Pre-
sented by the Rev. Robert Hunter, F.G.S.

England and Wales. Geological Survey. Memoirs. Geology of

Holderness and the adjoining parts of Yorkshire and Lincolnshire,

by Clement Raid. 8vo. London, 1885.

Explanation of Sheet 70, Geology of the

South-west part of Lincolnshire with parts of Leicestershire and
Nottinghamshire, by A. J. Jukes-Browne. 8vo. London, 1885.
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Etheridge, JR., and Seeley, H. G. Manual of Geology, Theoretical

and Practical, by John Phillips.—Part 2. Stratigraphical Geology

and Palaeontology, by K. Etheridge. 8vo. London, 1885.

Fallot, J. E. Etude geologique sur les etages moyens et superieurs

du terrain cretace dans le sud-est de la Prance. 8vo. Paris,

1885.

Favre,^ A. Carte du phenomene erratique et des Anciens Glaciers

du versant nord des Alpes Suisses et de la Chaine du Mont-Blanc.

Text. 8vo. Geneva, 1884.

. Revue geologique Suisse pour I'annee 1884. xv. 8vo.

Geneva, 1885.

. 1885. xvi. 8vo. Geneva, 1886.

Pontannes, F. Etudes stratigraphiques et paleontologiques pour
servir a Fhistoire de la periode tertiaire dans le bassin du Rhone,

pt. viii. no. 1. 8vo. Lyon, 1885. Purchased.

Forrest, Hon. J. Notes on Western Australia, with Statistics for the

year 1884. 8vo. Perth, 1885.

Foster, 0. Le Neve. On the relative dangers of Coal and Metal
Mining in the United Kingdom of Great Britain and Ireland.

8vo. London, 1885.

France. Depot des Cartes et Plans de la Marine. Annuaire des

Marees des Cotes de France pour I'an 1886. 8vo. Paris. 12nio.

1885.

. . 1887. 12mo. Paris, 1886.

. . Annuaire des Marees de la Basse Cochinchine et du
Tonkin pour Fan 1887. 12mo. Paris, 1886.

Catalogue chronologique des cartes, plans, vues de

cotes, Memoires &c. 8vo. Paris, 1886.

— . . Recherches sur les chronometres et les instruments

nautiques. 13^ cahier. 8vo. Paris, 1885.

Recherches Hydrographiques sur le Regime des

Cotes. IV cahier. 4to. Paris, 1882.

— . . Instructions nautiques sur les cotes sud de France

par A. Germain. Deuxieme edition. 8vo. Paris, 1885.

— . . Pilote des cotes nord de France. Yol. ii. 8vo.

Paris, 1884.

Frazer, P. Address to the Royal Society of Canada, as Delegate

from the American Association for the Advancement of Science.

4to. Montreal, 1884.

. Archaean-Palaeozoic Contact near Philadelphia, Penn. 8vo.

Salem, 1885.
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Fream, W. Canadian Agriculture. Parts 1 «fe 2. 8vo. London,

1885.

Fritsch, A, Fauna der Gaskohle und der Kalksteine der Permfor-

mation Bohmens. Band ii. Heft "2. 4to. Prag, 1885.

Gancedo, A. Memoria descriptiva de la provincia de Santiago del

Estero. 8vo. Buenos Aires. 1885.

Gardner, J. S. Eocene Eerns from the Basalts of Ireland and

Scotland. 8vo. London, 1885.

A Monograph of the British Eocene Elora. Yol. ii. Part 3.

Gymnospermae. 4to. London, 1886.

Garrison, F. L. The Microscopic Structure of Iron and Steel. 8vo,

Easton, 1885.

Gaudry, A. Sur I'age de la Faune de Pikermi, du Leberon et de

Maragha. 8vo. Paris, 1886.

Geikie, A. The Scenery of Scotland viewed in connexion with its-

Physical Geology. 8vo. London, 1865. Purchased.

Geinitz, F. E. Uebersicht liber die Geologic Mecklenburgs. 4to,

Giistrow, 1885. Presented by H. Bauerman, Esq., F.G.S.

Genth, F. A., und G. Vom Rath. Ueber Vanadate und Jodsilber

von Lake YaUey, Donna Anna County, New Mexico. 8vo.

Leipzig, 1885.

Gilpin, E., jun. Eesults of past experience in Gold-Mining in Nova
Scotia. 8vo. 1885.

. The distinctive features of the various Nova Scotia Coal-

Fields. 8vo. Montreal ?, 1885.

— . The Iron Ores of Pictou County, Nova Scotia. 8vo. Easton,

1885.

Goss, H. On some recently-discovered Insecta from Carboniferous-

and Silurian Eocks. 8vo. London, 1885.

Gosselet, J. Esquisse Geologique du Nord de la France et dea

Contrees voisines. Ease. 2 & 3. Text and Plates. 8vo. LiUe,

1881 and 1883.

Apergu geologique sur le terrain devonien du Grand-duche
de Luxembourg. 8vo. LiUe, 1885.

Govi, G. L' Ottica de Claudio Tolomeo de Eugenia. 8vo. Turin,

1885.

Ghresley, W. S. On the Occurrence of Quartzite Boulders in a Coal-

seam in Leicestershire. 8vo. London, 1885.

— . On the occurrence of fossiliferous Haematite-nodules in the

Permian Breccias in Leicestershire, together with some account of
their economic value, &c. 8vo. Birmingham, 1886.
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Griffiths, A. B, On the Extraction of Uric Acid Crystals from the

Green Gland of Astacus fluviatilis. 8vo. London, 1885.

On the use of ferrous sulphate in Agriculture. 8vo.

London, 1886.

Guiscardi, G. 11 terremoto d' Ischia del 28 Luglio 1883. 4to.

Naples, 1885.

Harher, A. On Slaty Cleavage and allied Rock-Structures, with
special reference to the Mechanical Theory of their Origin. 8vo.

. London, 1885.

Harkness, E., and H. Hicks. On the Ancient Rocks of the St. David's
' Promontory, South Wales, and their fossil contents. 8vo.

London, 1871.

Hasse, C. Das natiirliche System der Elasmobranchia auf grundlage

des Baues und der entwicklung ihrer Wirbelsaule. 4to. Jena,

1885. Purchased.

Hatle, E. Die Minerale des Herzogthums Steiermark. Hefte 3-5.

8vo. Graz. 1884 and 1885. Purchased.

Hatt, P. Notions sur le phenomene des Marees. 8vo. Paris, 1885.

Presented by the Depot de la Marine.

Hdusler, R. Die Lituolidenfauna der aargauischen Impressaschich-

ten. 8vo. Stuttgart, 1885.

HazeU's Annual Cyclopaedia, 1886. Edited by E. D. Price, F.G.S.

8vo. London, 1886.

Hector, J. Handbook of New Zealand. 4th edition. 8vo. Wel-
lington, 1886.

. Indian and Colonial Exhibition, London, 1886. New Zealand

Court. New Zealand Geological Survey Department. Detailed

Catalogue and Guide to the Geological Exhibits. 8vo. Wel-
lington, 1886.

Holland, A. Lakis kratere og lavastromme. 4to. Christiania,

1886.

Herdman, W. A. The Conservative action of Animals in relation

to Dynamical Geology. 8vo. Liverpool, 1885.

. The Presence of Calcareous Spicula in the Tunicata. 8vo.

Liverpool, 1885.

Grossherzoglich hessische geologische Landesanstalt zu

Darmstadt. Abhandlungen. Band 1. Heft 2 and Atlas. 8vo.

Darmstadt, 1885. Purchased.
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Hicks, H. On some recent Discoveries of Fossils in the Cambrian
Rocks. 8vo. London, 1868.

. Notes on a Species of Eophyton ? from the Lower Arenig

Rocks of St. David's. 8vo. London, 1869.

. On the Cambrian and Silurian Rocks of. Ramsey Island,

St. David's. 8vo. London, 1872.

. On the Tremadoc Rocks in the neighbourhood of St. David's,

South Wales, and their fossil contents. 8vo. London, 1873.

. On the Succession of the Ancient Rocks in the vicinity of

St. David's, Pembrokeshire, with special reference to those of the

Arenig and Llandeilo Groups and their Fossil Contents. 8vo.

London, 1875.

On the occurrence of Phosphates in the Cambrian Rocks,

8vo. London, 1875.

— . The Physical Conditions under which the Cambrian and
Lower Silurian Rocks were probably deposited over the European
Area. 8vo. London, 1875.

On some Pre-Cambrian (Dimetian and Pebidian) Rocks in

Caernarvonshire. 8vo. London, 1878.

— . Additional Notes on the Dimetian and Pebidian Rocks of

Pembrokeshire. 8vo. London, 1878.

On the Metamorphic and Overlying Rocks in the Neigh-

bourhood of Loch Maree, Ross-shire. 8vo. London, 1878.

—. On a new Group of Pre-Cambrian Rocks (Arvonian) in

Pembrokeshire. 8vo. London, 1879.

— . On the Classification of the British Pre-Cambrian Rocks.

8vo. London, 1879.

—. On the Pre-Cambrian Rocks of West and Central Ross-shire.

8vo. London, 1880.

— . Pre-Cambrian Yolcanos and Glaciers. 8vo. London, 1880.

— . On the Metamorphic and overlying Rocks in parts of Ross
and Inverness Shires. With Notes on the Microscopic Structure

of some of the Rocks by T. G. Bonney. 8vo. London, 1883.

— . On the Pre-Cambrian Rocks of Pembrokeshire, with especial

reference to the St. David's District. With an Appendix by T.

Davies. 8vo. London, 1884.

—. On some recent Researches in Bone-caves in Wales. 8vo.

London, 1885.

On some recent views concerning the Geology of the North-
west Highlands of Scotland. 8vo. London, 1885.
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Hicks, H., and T. Rupert Jones. On some undescribed Eossils from
the Menevian Group. 8vo. London, 1872.

. See also Harkness, E.

Hirschwald, J. Das Mineralogische Museum der koniglichen

technischen Hochschule zu Berlin. 8vo. Berlin, 1885. Presented

hy H. Bauerman, Esq., F.G.S.

Hodge, H. C. On the origin of the Caverns and Pissures of the

Plymouth Limestone, and the causes concerned in the entomb-
ment and preservation of their animal remains. 8vo. Plymouth,
1859. Presented hy W. WhitaJcer, Esq., F.G.S.

Honeyman, D. Geology of Cornwallis or McWab's Island, Halifax

Harbour. 4to. Montreal, 1885.

HopJcinson, J. List of Works on the Geology of Hertfordshire,

1874-83. 8vo. Hertford, ] 885.

Homes, B. Manuel de Paleontologie. Traduit de I'allemand par

L. DoUo. Fasc. 1-3. 8vo. Paris, 1886. Purchased.

Huergo, L. A. Examen de la propuesta y proyecto del Puerto del

Sr. B. E. Madero. Parte 1 y 2. 8vo. Buenos Aires. 1886.

Presented by the Sociedad Cientifica Argentina.

Hull, E. On the Geological Age of the North Atlantic Ocean. 4to.

Dublin, 1885.

Hutton, F. W. The Ereshwater Shells of New Zealand belonging

to the Eamily Limnaeidse. 8vo. Wellington, 1884.

. On the supposed Glacial Epoch in Australia. 8vo. Sydney.

India. Geological Survey. Catalogue of the Library, compiled by
W. B. Bion. 8vo. Calcutta, 1884.

. . Memoirs. Vol. xxi. Parts 2 & 3. 8vo. Calcutta,

1885.

— . . . Palaeontologia Indica. Ser. x. Indian

Tertiary and Post-Tertiary Yertebrata. Vol. iii. Parts 5 & 6.

By B. Lydekker. 4to. Calcutta, 1885.

Ser. X. Indian Tertiary and Post-

tertiary Yertebrata. Vol. iii. Parts 7 & 8. Sivalik Crocodilia,

Lacertilia, and Ophidia ; and Tertiary Eishes. By E. Lydekker.

4to. Calcutta, 1886.

Ser. xiii. Salt-Bange Fossils. By
"W. Waagen. I. Productus-limestone Eossils ; IV. (fasc. 5). 4to,

Calcutta, 1885.

—. • . . Ser. xiv. Tertiary and Upper Cre-

taceous Eossils of Western Sind. Vol. I. 3. The Eossil Echi-

noidea. Ease. v. By P. Martin Duncan and W. P. Sladen. 4to.

Calcutta, 1885.
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India. Geological Survey. Eecords. Vol. xviii. Parts 3 & 4.

1885.

. . . Yol. xix. Part 1. 1886.

International Geological Commission. Reports of British Sub-

committee. No. i. pt. 2, No. iii. pt. 2, Nos. iv. & v. 8vo.

Cambridge, 1885. Presented hy H. B. Woodward, Esq., F.G.S.

. . Presented hy Prof. T. McK. Hughes, F.G.S.

Irving, A. On the Bagshot Strata of the London Basin and their

Associated Gravels. 8vo. London, 1884.

. The Permian-Trias Question. 8vo. London, 1884.

Italy. B. Oomitato Geologico d'ltalia. Memorie descrittive deUa

Carta Geologica d' Italia. Vol. ii. Descrizione geologica deU'

Isola d' Elba di B. Lotti. 8vo. Rome, 1886.

Jentzsch, A. Beitrage zum Ausbau der Glacialhypothese in ihrer

Anwendung auf Norddeutschland. 8vo. Berlin, 1885.

Jones, T. Rwpert. Notice of the " Geology of Wisconsin. Survey

of 1873-9. Yol. !.-•' Slip. (1885.)

Notice of the " Geology of Wisconsin. Survey of 1873-9.

YoLiv." 8vo. (1884.)

Notice of the " Monographs of the United States Geological

Survey. Yol. ii." Slip.

Notice of " Journal and Proceedings of the Royal Society of

New South Wales for 1883. Yol. xvii." Slip. (1884.)

—. On the Geology of South Africa. 8vo. London, 1884.

— . Second Report of the Committee, consisting of Mr. R.

Etheridge, Dr. H. Woodward, and Prof. T. Rupert Jones, on the

Fossil PhyUopoda of the Palaeozoic Rocks. 8vo. London, 1884.
(Revised copy.)

— . On some Palaeozoic PhyUopoda. 8vo. London, 1884.

— . Notes on the Carboniferous Ostracoda of the North-west of

England. 8vo. London, 1885.

— . Notes on the late Mr. George Tate's Specimens of Lower
Carboniferous Entomostraca from Berwickshire and Northumber-
land. 8vo.

. Notice of Sir R. Owen's " Antiquity of Man as deduced
from the Discovery of a Human Skeleton during the Excavation
of the West-India Dock-extensions at Tilbury." (1885.) Slip.

On the Ostracoda of the Purbeck Formation, with Notes on
the Wealden Species. 8vo. London, 1885.
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Jonea, T. Bupert. The Origin and Constitution of Chalk and Flint,

with special reference to their Foraminifera and other minute

Organisms. 8vo. London, 1885.

Third Eeport of the Committee on the Fossil Phyllopoda of

the Palaeozoic Eocks. 8vo. London, 1885.

— . Notice of the " Fourth Annual Eeport of the United States

Geological Survey, 1882-83." Slip. (1886.)

— . On some Fossil Ostracoda, Colorado. 8vo. London, 1886.

— , and H. B. Holl. Notes on the Palaeozoic Bivalved Ento-
mostraca.—ISTo. 20. On the Genus Beyrichia and some new
Species. 8vo. London, 1886.

No. 21. On some Silurian Genera and Spe-

cies. 8vo. London, 1886.

-, and J. W. Kirlchy. On some Carboniferous Entomostraca

from Nova Scotia. 8vo. London, 1884.

On Carboniferous Ostracoda from the Gayton Boring,

Northampton. 8vo. London, 1886.

, and Henry Woodiuard. Notes on the British Species of

Ceratiocaris. 8vo. London, 1885.

, and C. D. Sherborn. On the Microzoa found in some Jurassic

Eocks of England. 8vo. London, 1886.

Jordan, J. B., and F. Gaster. Notes on the principle and working
of Jordan's improved photographic sunshine recorder. 8vo.

London, 1886. Presented by James Love, Esq., F.G.S.

Judd, J. W. On the Gabbros, Dolerites, and Basalts, of Tertiary

Age, in Scotland and Ireland. 8vo. London, 1886.

. Eeport on a Series of Specimens of the Deposits of the Nile

Delta, obtained by the recent Boring Operations. 8vo. London,
1886.

KalJcoiusJcy, E, Elemente der Lithologie. 8vo. Heidelberg, 1886.

Purchased.

Kidston, B, On the relationship of Ulodendron, Lindley and Hut-
ton, to Lepidodendron, Sternberg ; Bothrodendron, Lindley and
Hutton ; Sigillaria, Brongniart ; and Rhytidodendron, Boulay.

8vo. London, 1885.

Kjerulf, T, Grundfjeldsprofilet ved Mjosens sydende. 8vo. Chris-

tiania, 1885.

Kohelt, W. Eeiseerinnernngen aus Algerien und Tunis. 8vo.

Frankfurt-am-Main, 1885.
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Kohler, G. Die Storungen der Gange, Plotze und Lager. 8vo.

Leipzig, 1886. Purchased.

KoJcscharoiu, Nikolai v. Materialien zur Mineralogie E-usslands.

Band ix. pp. 81-272. 8vo. St. Petersburg, 1883.

Konen^ A. von. TJeber eine Paleocane Fauna von Kopenhagen.
4to. Gottingen, 1885. Purchased.

Laing, S. Modern Science and Modern Thought. 8vo. London,
1885.

. . 3rd edition. 8vo. London, 1886.

Lees, E. Pictures of I^ature in the Silurian Eegion around the

Malvern Hills and Yale of Severn. 8vo. Malvern, 1856. Pur-
chased.

Leith, J. The Zone of "Water, or the Eeason why the Bulk of the

Ocean is retained in the Southern Hemisphere. 8vo. Christ-

church, N-Z., 1886.

Why is the Bulk of the Ocean retained in the Southern

Hemisphere? or the Scientific Meaning of the Symbols and
Measure of the Great Pyramid of Egypt. 8vo. Auckland,

1885.

Lennier, G. L'Estuaire de la Seine. 2 vols, text, 1 atlas. 4to.

Havre, 1885. (Societe Geologique de Normandie.)

Lewis^ E. 0. A great Trap Dyke across South-eastern Pennsyl-

vania. 8vo. Philadelphia, 1885.

. Marginal Kames. 8vo. Philadelphia, 1885.

Lindstrbm, G. Forteckning pa Gotlands Siluriska Crustaceer. 8vo.

Stockholm, 1885.

List of the Fossils of the Upper Silurian Formation of Got-

land. 8vo. Stockholm, 1885.

Liversidge, A. Analysis of Slate in contact with Granite from Pre-

servation Inlet, New Zealand. 8vo. Sydney, 1885.

On the Chemical Composition of certain Rocks, New South

Wales, &c. 8vo. Sydney, 1883.

. On some New South Wales Minerals. 8vo. Sydney, 1884.

Lobley, J. L. The Excursion of the Geologists' Association to the

Malvern District, July 21-26, 1873. 12mo. Malvern, 1873.

Presented hy H. B. Woodtvard, Esq., F.G.S.

Loffelhoz, C. Die Drehung der Erdkruste in geologischen Zeit-

raumen. 8vo. Munich, 1886.

VOL. xui. p
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Lotti, B. Correlazione di giacitura fra il porfido qiiarzifero e la

trachite quarzifera nei dintorni di Campigiia Marittima e di Cas-

tagneto in Provincia di Pisa. 8vo. Pisa, 1885. Presented hy
H. Bauerman, Esq., F.G.S.

Loukashevech, P. Eootwords of the Grecian Language. Yols. 1 &
2. 8vo. Kiew, 1869 & 1872. (In Eussian.)

. Eootwords of the Latin Language. 8vo. Kiew, 1872. (In

Eussian.)

. Supposed Indo-Germanic World. 8vo. Kiew, 1873. (In

Eussian.)

Eootwords of the Hebrew Language. 8vo. Kiew, 1883.

(In Eussian.)

— . Investigation concerning the great age of the Sun. 8vo.

Kiew, 1882. (In Eussian.)

— . Explanation of Assyrian Names. 8vo. Kiew, 1868. (In

Eussian.)

. Exposition of the chief laws of Nature and observed Micro-

scopical Astronomy. Vols. I. & II. 8vo. Kiew, 1884, 1885.

(In Eussian.)

Lowl, E. Die Granit-Keme des Kaiserwaldes bei Marienbad. 8vo.

Prag, 1885. Purchased.

. Die Ursache der secularen verschiebungen der Strandlinie.

8vo. Prag, 1886.

LydeJcJcer, B. Description of a Tooth of Mastodon latidens, Chit,

from Borneo. 8vo. London, 1885.

MacAdam, J. Introductory Lecture on Geology. 8vo. Belfast,

1858. .
Presented by H. B. Woodward, .Esq., F.G.S.

Madagascar. Instructions nautiques sur Madagascar et les iles de

I'ocean Indien meridional. 8vo. Paris, 1885. Presented hy the

Depot de la Marine.

Maestro, A. Descripsion fisica y geologica de la Provincia de San-

tander. 4to. Madrid, 1864. Presented by H. Bauerman, Esq.,

F.G.S.

Marcou, J. B. Eeview of the Progress of North American Inver-

tebrate Palaeontology for 1885. 8vo. Salem, 1886.

Meldola, E., and W. A¥hite. See Peeiodicals : Buckhurst Hill.

Essex Eield Club.

Metcalfe, A. T. A Sketch of the Geology of Nottinghamshire

8vo. Sheflaeld, 1885.
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Miall, L. C. Description of the Remains of Megalichthys in the

Leeds Museum. 8vo. Leeds, 1885.

Minnesota. Geological and Natural History Survey » (N. H. Win-
chell, State Geologist.) Tenth Annual Report, for the year 1881.

8vo. St. Paul, 1882.

Eleventh Annual Report, for the year 1882. 8vo.

Minneapolis, 1884.

. . Twelfth Annual Report, for the year 1883. 8vo.

Minneapolis, 1884.

Mojsisovics von Mojsvar, E. Arktische Triasfaunen. 4to. St.

Petersburg, 1886.

Morgan, C. Lloyd. Subaerial Denudation and the Avon Gorge.

—

The Millstone Grit at Long Ashton, Somerset. 8vo. Bristol,

1885.

Moscliketoff, J. Turkestan. Vol. i. 8vo. St. Petersburg, 1886.

(In Russian.)

Mudie, R. The Isle of Wight, its Past and Present Condition and
Future Prospects. 8vo. London, n. d. Purchased.

NatJiorst, A. G. Ett forsok att forklara orsaken till den skarpa

gransen meUan sodra Sveriges vestra och ostra urterritorium.

8vo. Stockholm, 1885.

. Nagra ord om slipsandstenen i Dalarne. 8vo. Stockholm,

1884.

— . IS'agra ord om Yisingsoserien. 8vo. Stockholm, 1885.

— . Om kambriska pyramidalstenar. 8vo. Stockholm, 1885.

Netto, Ladislau. Conference faite au Museum National. 8vo.

Rio de Janeiro, 1885.

Neumayr, M. Die geographische Yerbreitung der Juraformation.

4to. Vienna, 1885.

New Jersey. Geological Survey. Annual Report of the State

Geologist for 1884. 8vo. Trenton, 1884.

. . Annual Report of the State Geologist for the year

1885. 8vo. Trenton, 1885.

Neiulands, J. A. E. On the Discovery of the Periodic Law and Re-
lations among the Atomic ^Yeights. 8vo. London, 1884.

New South Wales. Australian Museum. Report of the Trustees

for 1884. 4to. Sydney, 1885.

. Department of Mines. Annual Report lor the year 1884.

4to. Sydney, 1885.

p2
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Newton, E. T. Gastornis Klaassenii, Newton, a Gigantic Bird from
the Lower Eocene of Croydon. 8vo. London, 1885.

Synopsis of the Animal Kingdom, with especial reference to

the Fossil Forms. 8vo. 1886.

New York. Geological Survey of the State of Neiu York. Palaeon-

tology. Vol. V. pt. 1. Lamellibranchiata, by J. Hall. 4to,

Albany, 1884.

JSfew YorJc State Library. Annual Eeports 65 and 66, 8vo.

Albany.

New TorTc State Museum of Natural History. Annual Eeports 33-

to 37. 870. Albany, 1880, 1881, and 1884.

New Zealand. Colonial Museum. Nineteenth Annual Eeport,

1883-84. 8vo. WelHngton, 1885.

. Seventh Eeport on Control and Inspection of Mines. 4to.

Wellington, 1885. Presented hy G. J. Binns, Esq.

Nicholson, H. A., and A. H. Foord. On the Genus Fistulipora,

McCoy, with Descriptions of several Species. 8vo. London,

1885.

NiJcitin, S. General Geological Map of European Eussia. Sheet

56. Preliminary Account. 8vo. St. Petersburg, 1883. (In

Eussian.)

. On the Use of the Terms Diluvial, Alluvial, and Eluvial.

8vo. St. Petersburg. (In Eussian.)

Darwinism, and the Aspect of the Question in the Province

of Eecent Palaeontology. 8vo. St. Petersburg, 1882. (In

Eussian.)

The Post-Tertiary Deposits of Germany, in their Eolations

to the corresponding Formations of Eussia. 8vo. St. Peters-

burg, 1886. (In Eussian.)

. Jurassic Deposits between Eybinsk, Mologa, and Myschken
(Upper Yolga). 8vo. St. Petersburg, 1881. (In Eussian.)

. Die Cephalopodenfauna der Jurabildungen des Gouverne-

ments Kostroma. 4to. St. Petersburg, 1884.

Formation of Yalleys by Excavation, Central Eussia. 4to..

St. Petersburg, 1884. (In Eussian.)

Norwegian North-Atlantic Expedition. Den Norske Nordhavs-Expe-

dition 1876-78. XIY. Zoologi. Crustacea, I. A & B, ved G. 0.

Sars. 4to. Christiania, 1885. Presented hy the Meteorological

Institute.

Novak, 0. Nouveau Crustace PhyUocaride de I'etage Ff 2 en

Boheme. 8vo. Prag, 1885. Presesented hy Prof. T. Bwpert

Jones, F.E.S.
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Nova Scotia. Department of Mines, Report for the year 1885.

8vo. Halifax, N. S., 1886.

Odling, W. An Account of Guy's Hospital Well. 8vo. London,

1860? Presented hy W. Whitaher, Esq., F.G.S.

Oniboni, G, Genne fossili del Monte Bolca. 8vo. Venice, 1885.

Ormerod, G. W. A Classified Index to the Eeports and Transactions

of the Devonshire Association for the Advancement of Science,

Literature, and Art. 8vo. Plymouth, 1886.

Orueta y Duarte, Domingo de. Informe sohre los terremotos occur-

ridos en el sud de Espana en Diciemhre de 1884 y Enero de 1885.

4to. Malaga, 1885. Presented hy the British Consul at Malaga
on behalf of the Society of Physical and Natural Science of
Malaga.

Osborne, G. E. South African Gold-Fields, and Machinery to work
them. 8vo. Maritzburg, 1884.

Paleontologie Erangaise. 1^ serie. Animaux invertebres. Ter-

rain Cretace. Livraison 31. Zoophytes, par E. de Eromentel.

8vo. Paris, 1886. Purchased,

Terrain Jurassique. Livraisons 80, 81. Cri-

noi'des, par. P. de Loriol. 8vo. Paris, 1886. Purchased.

Livraison 79. Brachiopodes, par

E. Deslongchamps. 8vo. Paris, 1885. Purchased.

—
. . . Terrains Tertiaires. Livraisons 1-4.

Eocene, Echinides, tome i., par G. Cotteau. 8vo. Paris, 1885-

86. Purchased,

—. 2^ serie. Yegetaux. Terrain Jurassique. Livraison 34.

Ephedrees ; Spirangiees et Types proangiospermiques, par G. de
Saporta. 8vo. Paris, 1886. Purchased,

-. Terrain Cretace. Livraison 35. Ephedrees,
Spirangiees et Types proangiospermiques, par G. de Saporta. 8vo.

Paris, 1886. Purchased.

Parliamentary Report. Accidents in Mines. Einal Report of Her
Majesty's Commissioners appointed to inquire into Accidents in

Mines, and the possible means of preventing their Occurrence, or
limiting their Disastrous Consequences, together vs^ith evidence
and Appendices. 4to. London, 1886. Presented by H.M.
Government.

Payot, V. Description petrographique des Roches des Terrains
Cristallins Primaires et Scdimentaires du massif de la Chaine du
Mont-Blanc. 8vo. Geneva, 1886.
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Pennsylvania. Second Geological Survey. Reports.

A2. Second Report of Progress in the Anthracite Coal Region.

Part 1. 8vo. Harrisburg, 1885.

Ag. Atlas, Eastern Middle Anthracite Pield. Part 1. 8vo.

Harrisburg, 1885.

A5. Atlas. Northern Anthracite Pield. Part 1. 8vo. 1885.

Cg. Part 1. Field N'otes in Delaware County, by C. E. Hall.

8vo. 1885.

P^. A Preliminary Report on the Palaeontology of Perry County,

by E. W. Claypole. 8vo. 1885.

K^. Report on the Coal Mines of the Monongahela River Region,

from the West Virginia State Line to Pittsburgh, by J. S.

Wall. Part 1. 8vo. 1884.

Rg. The Township Geology of Elk and Eorest Counties, by

C. A. Ashburner; and of Cameron County, by A. W.
Sheafer. 8vo, 1885. Also 8vo Atlas.

T3. The Geology of Huntingdon County, by J. C. White. 8vo.

1885.

X. A Geological Hand Atlas of the Sixty-seven Counties of

Pennsylvania, embodying the Results of the Pield-work

of the Survey from 1874-84, by J. P. Lesley. 8vo.

1885.

PerocTie^ J. Les Yegetations Eossiles dans leurs rapports avec les

revolutions polaires et avec les influences thermiques de la pre-

cession des equinoxes. 8vo. Paris, 1886.

Portis, A. Appunte paleontologici. I. Resti di Chelonii Terziarii

Italiani. 8vo. Turin, 1885.

. II. Resti di Batraci Eossili Italiani. 8vo. Turin,

1885.

. Catalogo descrittivo dei Talassoterii rinvenuti nei terreni

terziarii del Piemonte e della Liguria. 4to. Turin, 1885.

Portugal. Section des travaux geologiques de Portugal. Etude

sur les Bilobites et autres fossiles des quartzites de la base du
systeme silurique du Portugal, par Paul Choffat. 4to. Lisbon,

1886.

. . Description de la Fauna Jurassique du Portugal.

Mollusques lamellibranches, par Paul Choffat. Deuxieme ordre,

Asiphonidse. Livr. 1. 4to. Lisbon, 1885.

Recueil de monographies stratigraphiques sur le

Systeme cretacique du Portugal, par Paul Choffat. 1^ Etude.

4to. Lisbon, 1885.
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Precht, — . Die Salz-Industrie von Stassfiirt und Umgegend. 8vo.

Stassfurt, 1885.

Prestwich, J. Geology. Chemical, Physical, and Stratigraphical.

Vol. I. Chemical and Physical. 8vo. Oxford, 1886.

. On the Agency of Water in Volcanic Eruptions : with some
Observations on the Thickness of the Earth's Crust from a Geo-

logical Point of View ; and on the Primary Cause of Volcanic

Action. 8vo. London, 1885.

. Regional Metamorphism. 8vo. London, 1885.

Price, J. D. On the Valley of the Soar. 8vo. London, 1886.

Prussia. Konigl. preuss. geologischen Landesanstalt. Geologische

Karte der Stadt Berlin im maasstabe ^.h^^ nach den geolo-

gischen Spezialkarten im maasstabe ^ . ^^^ ^
. bvo. Berlin, 1885

.

Presented by H. Bauerman, Esq., F,G.S.

Purves, J. G. Esquisse geologique de Tile d'Antigoa. 8vo.

Brussels, 1884.

Queensland. Report on the Gold Deposits of Mount Leyshon, by
Eohert L. Jack. 4to. Brisbane, 1885.

Quenstedt, E. A. Die Ammoniten des schwabischen Jura. Hefte

8-10. 8vo. Stuttgart, 1885-86 ; with Atlas. -Ito. Purchased,

. . Hefte 6 & 7. 8vo. Stuttgart, 1885. And Atlas

4to.

. Handbuch der Petrefaktenkunde. 3 Auflage, Abth. 5. 8vo.

Tubingen, 1885. Purchased.

Rammelsberg, C. E. Die chemische Natur der Mineralien. 8vo.

Berlin, 1886. Purchased.

. Handbuch der Mineralchemie, Erganzungsheft zur zweiten

Auflage. 8vo. Leipzig, 1886. Purchased.

Bay, Lieut. P. H. Report of the International Polar Expedition

to Point Barrow, Alaska, in response to the resolution of the

House of Representatives of December 11, 1884. 4to. Wash-
ington, 1885.

Bay Society. The Larvae of the British Butterflies and Moths, by
the late W. Buckler, edited by H. T. Stainton. Vol. i. 8vo,

London, 1886.

Beade, T. M. The Mersey Tunnel, its geological aspects and results.

8vo. Liverpool, 1885.

. The North Atlantic as a Geological Basin. 8vo. Liverpool,

1885.
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Red Sea. Instructions nautiques sur le Mer Rouge et le Golfe

d'Aden. 8vo. Paris, 1885. Presented hy the Depot de la

Marine.

Benevier, E. Resultats scientifiques du Congres Geologique Inter-

national de Berlin et des travaux qui s'y rattachent. 8vo. Lau-
sanne, 1886.

Beyer, E. Blei- und Silber-Production von Utah und Bleiproduction

der Yereinigten Staaten. 4to. Leipzig, 1885.

. Zwei Profile durch die Sierra Nevada. 8vo. Stuttgart,

1886?

Bichthofen, F. von. China. Atlas. Abth. 1. Das nordliclie China.

Obi. 4to. Berlin, 1885.

. . . . . Purchased.

-. Piihrer fiir Porschungsreisende. 8vo. Berlin, 1886. Pur-
chased.

Rosenbusch, H. Mikroskopische Physiographie der petrographisch

wichtigen Mineralien. 8vo. Stuttgart, 1885. 2^ Auflage. Pur-
chased.

Roth, J. AUgemeine chemische Geologic. Bd. ii. Abth. 2. 8vo.

Berlin, 1885. Purchased.

Roumania. Biiiroului Geologicu. Annaruli. Annidu 1. 1883-84.

No. 2. 8vo. Bucharest, 1884.

-. . Annulu 2. 1884. No. 1. 8vo. Bucharest,

1885.

. Bureau Geologique. Annuaire (edition frangaise). 1882-

83, Nos. 1 & 2. 8vo. Bucharest, 1886.

-. . 2^ Annee, 1884. No. 1. 8vo. Bucharest,

1886.

Russia. Gomite geologique de la Bussie. Memoires. Vol. i. No. 4.

4to. St. Petersburg, 1885.

. . . Vol. ii. No. 2. 4to. St. Petersburg,

1885.

. . . Yol. iii. No. 1. St. Petersburg, 1885.

-. Isvestia, 1885. Nos. 6-10. 8vo. St. Petersburg,

1885-86.

Salter, J. W., and H. Hiclcs. Oq some additional Possils from the

Lingula-Plags. 8vo. London, 1865.

, . On some Possils from the " Menevian Group." 8vo.

London, 1869.
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Sandherger, F. Untersuchungen iiber Erzgange. Heft 2. 8vo.

Wiesbaden, 1885.

. . . Purchased,

Schmidt, O. Die thermalwasser Kamtschatka's. 4to. St. Peters-

bui'g, 1885.

Schottky, R. Beitrage zur Kenntniss der Diluvial-Ablagerun-

gen des Hirschberger Thales. 8vo. Breslau, 1885. Fur-
chased.

Scudder, S. H, Description of an Articulate of doubtful relation-

ship from the Tertiary Beds of Plorissant, Colorado. 4to. Wash-
ington ?, 1882 ?

. Note on Anthracomartus carhonis. 8vo. Brussels, 1885.

. Notes on Mesozoic Cockroaches. 8vo. Philadelphia, 1885.

. Systematische iibersicht der fossilen Myriopoden, Arach-
noideen und Insekten. 8vo. Munich, 1885.

Seignette, P. Essai d'etudes sur le massif Pyreneen de la Haute-
Ariege. 4to. Castres, 1880. Purchased.

Sollas, W. J. On an Hexactinellid Sponge from the Gault, and a

Lithistid from the Lias of England. 8to. Dublin, 1885. Pre-

sented by the Bev. P. B. Brodie, F. G.S.

South Australia. Notes on the Echunga Goldfields. by II. Y. L.

Brown, Government Geologist. 4to. Adelaide, 1885.

Report on the Geological Character of Barossa and Para
Wirra. By H. T. L. Brown. 4to. Adelaide, 1886.

—. Report on the Geological Character of country passed over

from Port Augusta to Eucla. By H. Y. L. Broivn. 4to.

Adelaide, 1885.

— . . . Presented by the Colonial Government.

Reports on Geology of Country East of Earina and North-
ward to lat. 23° 10'. 4to. Adelaide, 1885. Presented by H,
Y. L. Brown, Esq., F.G.S.

Spain. Comision del mapa Geoldgico de Espana. Boletin. Tomo xi.

Cuaderno 2. 8vo. Madrid, 1884.
^.

. . . Tomo xii. Cuad. 1. 8vo. Madrid, 1885.

. . Memorias. Descripcion fisica y geologica de la

Provincia de Guipuzcoa por D. Ramdn Adan de Yarza. 8vo.

Madrid, 1884.

Spratt, T. A. B. Remarks on a new Torso of a youthful Dionysos.

4to. Westminster, 1886.
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Sjpratt, T. A. B, Remarks on the Dorian Peninsula and Gulf,

with notes on the Temple of Latona there. 4to. Westminster,

1886.

. Eeport on the present State of the Navigation of the River

Mersey (1884). 8vo. London, 1885.

Report on the present State of the River Mersey. 8vo.

London, 1886.

•Sutcliffe, J. A. Refutation of Prominent Errors in the Wemerian
System of Geology and in the Theories of other Writers. 8vo.

London, 1819. Presented by H. B. Woodward, Esq. F.G.8.

Sweden. Institut Royal Geologique de Suede. Notice sur les

cartes geologiques generales exposees au troisieme Congres Inter-

national de Geologic a Berlin en 1885. 8vo. Stockholm, 1885.

Presented by H. Bauerman, JEsq., F.G.S.

. Sveriges GeologisJca Undei^soTcning . Ser. A a. Kartblad i

skalen —^^, Nos. 87, 93, 95, 96. Beskrifningar. 8vo. Stock-
o

holm, 1885.

. . Ser. A b. Kartblad i skalen _J-— , No. 8. Besk-

rifuing. No. 8. Stockholm, 1885.

. . Ser. C. Afhandlingar. No. 67. Mikroskopisk

undersokning of Olwinstenar och Serpentiner fran Nordland, af

P. Eichstadt. 8vo. Stockholm, 1884.

. . . . No. 68. Om dem Skandinaviska

Landisens andra utbredning af G. de Geer. 8vo. Stockholm,

1884.

— . . . . No. 69. AnmarkningaromSpondy-
lusarterna i Sveriges Kritsystem, af B. Lundgren. 8vo. Stock-

holm, 1885.

—. . . . No. 70. Praktiskt geologiskaunder-

sokningar inom Jemtlands Lan. I. af A. G. Hogbom. 4to.

Stockholm, 1885.

— . ^ . . ——. No. 71. Nagra ord om Slipsand-

stenen i Dalarne af A. G. Nathorst. 8vo. Stockholm, 1885.

— . . . . No. 72. Praktiskt geologiska under-

sokningar inom norra delen af Elfaborgs Lan och Dalsland med
bidrag af Lanets norra Hushallnings Sallskap utforda genom
Sveriges geologiska Undersokning aren 1878-82. 4to. Stock-

holm, 1885.

No. 73. Cephalopoderna i Sveriges

Kritsystem, af J. C. Moberg. 4to. Stockholm, 1884.

—. . . . No. 74. Om Quartsit-Diabas-

konglomeratet i Smaland och Skane, af P. Eichstadt. 8vo. Stock-

holm, 1885.
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Sweden. Sveriges Geologiska Undersbkning. Ser. C. Atliandlingar.

No. 76. Proterobas i Sodra och mellarsta Sverige af E. Svedmark.

8vo. Stockholm, 1885.

. . . . No. 77. Om Granitens och Gneisens

lorhiillande till hvarandra i trakten mellan Stockholm och Norr-

telge, af E. Svedmark. 8vo. Stockholm, 1885.

Switzerland. Commissioyi de la Carte Geologique de la Suisse.

Materiaux pour la Carte Geologique. Livr. 18. Description

geologique des territoires de Yaud, Friboiirg et Berne compris

dans la feuiUe xii. entre le lac de Neuchatel et la Crete du
Mesen, par Y. Gillieron. 4to. Berne, 1885. Text and plates.

ms, B. A Sketch of the Geology of Cornwall, including a brief

description of the Mining Districts and the Ores produced in

them. 8vo. London, 1884.

Taylor, J. E. A Sketch of the Geology of Suffolk. 8vo. Sheffield,

1884. Presented hy H. B. Woodward, Esq., F.G.S.

Teall, J.-J. Harris. British Petrography. Parts 1-5. 8vo.

Birmingham, 1886.

Thorell^ T., and G. Lindstrom. On a Silurian Scorpion from Got-

land. 4to. Stockholm, 1885.

Tischner, A. The fixed Idea of Astronomical Theory. 8vo. Leip-

zig, 1885.

Tomes, E. F. Observations on some imperfectly known Madre-
poraria from the Cretaceous Formation of England. 8vo. London,

1885.

Topley, W. Some points of comparison between Belgian and English
Geology. 8vo. London, 1885.

The Xational Geological Surveys of Europe. 8vo. London,

. Eeport of the Committee on the Erosion of the Sea-coasts of

England and Wales. 8vo. London, 1886.

Torquay Guide, The. Containing a Description of the Town and of

the most remarkable objects in the Neighbourhood. 8vo. Tor-

quay, 1841. Presented hy W. Whitaker, Esq., F.G.S.

Toula, F. Geologische Untersuchungen in den " Grauwackenzone "

der nordostlichen Alpen. 4to. Yienna, 1885.

. Das Wandem und Schwanken der Meere. 8vo. 1886 ?

. Der Bergriicken von Althofen in Karnten. 8vo. Yienna,

1886.

United States. Annual Beport of the Comptroller of the Currency

to the First Session of the Forth-ninth Congress. 8vo. Wash-
ington, 1885.

1885.
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United States. Department of the Interior. Mining Laws. 4to.

Washington, 1885.

Survey. Fourth Annual Report (1882-83),

by J. W. Powell, Director. 4to. Washington, 1884.

— . . BuUetin. Nos. 2-23. 8vo. Washington, 1883-85.

Monographs. Yol. iv. Comstock Mining and
Miners, by Eliot Lord. 4to. Washington, 1883.

— .
. . Yol. vi. Contributions to the knowledge of

the Older Mesozoic Mora of Yirginia, by W. Morris Pontaine.

4to. Washington, 1883.

Yol. vii. Silver-Lead Deposits of Eureka,
Nevada, by J. Story Curtis. 4to. Washington, 1884.

. . Yol. viii. Paleontology of the Eureka
District, by C. D. Walcott. 4to. Washington, 1884.

Mineral Eesources of the United States (1883-84),

by A. Williams, Junr. 8vo. Washington, 1885.

Geological Survey of the Territories. (F. Y. Hayden,
Geologist in charge.) Report. Yol. iii. The Yertebrata of the

Tertiary Formations of the West. Book I., by E. D. Cope. 4to.

Washington, 1884.

— . . . . Yol. viii. Contributions to the

Fossil Flora of the Western Territories. Part iii. The Cre-

taceous and Tertiary Floras, by Leo Lesquereux. 4to. Wash-
ington, 1883.

— . Mint. Annual Reports of the Director of the Mint, for the

years 1875-84. 8vo. Washington, 1875-84. Presented hy Dr.

J. P. Kimhall, F.G.S.

-. Thirteenth Annual Report of the Director of the Mint
to the Secretary of the Treasury for the fiscal year ended June 30,

1885. 8vo. Washington, 1885. Presented hy Dr. J. P. Kimball^

F.G.S.

Reports of the Director of the Mint upon the

statistics of the production of the Precious Metals in the United

States for the years 1880-84. 8vo. Washington, 1881-85.

Presented by Dr. J. P. Kimball, F.G.S.

Report of the Director of the Mint upon the pro-

duction of the Precious Metals in the United States during the

Calendar year 1884. 8vo. Washington, 1885. Presented hy

Dr. J. P. Kimball, F.G.S.

National Museum. Bulletin. No. 23. 8vo. Washington,

1885.
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Van Hise, C. E. Enlargements of Hornblende Fragments. 8vo.

New Haven, Conn., 1885.

Van den Broech, E. Note critique sur les leves geologiques a grand

echelle de MM. 0. Van Ertborn et Cogels, et specialement sur le

leve de la feuille d'Aerschot, suivie de reponses a MM. De la

Vallee Poussin et Cogels. 8vo. Liege, 1886.

Velain, C. Le Dolmen des Beni-Snassen, Maroc. 8vo. Paris,

1885.

Les cataclysmes volcaniques de 1883 ; Iscbia, Krakatau,

Alaska. 8vo. Paris, 1885.

— . Le Permien dans la region des Yosges : Les Eoches Basal-

tiques de la Cote de Essey : Diabase andesitique et Gabbro labra-

dorique a structure opbitique dans le Lias moyen de la Province

d'Oran, Algerie. 8vo. Paris, 1885.

Notes geologiques sur la Siberie Orientale d'apres les obser-

vations faites par M. Martin dans son voyage d'exploration du Lac
Baikal, du Bassin du Eleuve Amour et du Lac Khanka. 8vo.

Paris, 1886.

. Esquisse geologique de la Guyane Frangaise et des bassins

du Parou et du Yari, affluents de I'Amazone, d'apres les explora-

tions du Dr. Crevaux. 8vo. Paris, 1886.

. Etude microscopique de quelques verres artificiels, prove-

nant d'un insendie de I'Odeon (1850) et de la fusion de cendres de

graminees. 8vo. Paris, 1886.

Yelazquez de Leon, M. La Eamirita. Nueva especie mineral.

8vo. Mexico, 1885. Presented hy the Secretaria de Hacienda y
Credito Publico, Dept. de Bihlioteca, O. de Mexico.

Yelenovsky, J. Die Gynospermen der bohmischen Kreideformation.

4to. Prag, 1885. Purchased.

Yerbeek, R. D. M. Krakatau. Partie 2. 8vo. Batavia, 1886.

Presented hy the Netherlands Government. See Maps.

Yictoria. Annual Report of the Acting Secretary for Mines and
"Water Supply, to the Honourable J. F. Levien, M.P., Minister of
Mines for Yictoria, on the working of the statutes relating to the

regulation and inspection of Mines and Mining Machinery during

the year 1884. 4to. Melbourne, 1885.

. Gold-Fields. Reports of the Mining Registrars for the

quarter ended 31st March, 1885. 4to. Melbourne, 1885. Pre-

sented hy the Minister of Mines,

for the quarter ended 30th June, 1885. 4to,

Melbourne, 1885. Presented hy the Minister of Mines.
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Victoria. Gold-Fields. Reports of tlie Mining Registrars for the

quarter ended 30th September, 1885. 4to. Melbourne, 1885.

Presented hy the Minister of Mines.

for the quarter ended 31st December, 1885.

4to. Melbourne, 1886. Presented hy the Minister ofMi

Patents and Patentees. Indexes for the j^ear 1880. Yol.

XV. (by JR. Gihbs, Registrar-General). 4to. Melbourne, 1885.

Villa., G. B. Rivista geologica dei terreni della Brianza. 8vo.

Milan, 1885.

Vine, G. B. l^otes on the Cambridge Greensand. 8vo. Leeds,

1885.

. ISTotes on the Yoredale Polyzoa of North Lancashire. 8vo.

Leeds, 1885.

. Report of the Committee appointed for the purpose of re-

porting on recent Polyzoa. 8vo. London, 1885.

Vom Path, G. Arizona. Studien und Wahrnehmungen. 8vo.

Heidelberg, 1885.

. Mineralogische Mittheilungen. N.F. 19-22. 8vo. Leip-

zig, 1885.

. Yortrage und Mittheilungen. 8vo. Bonn, 1885.

.. ___. 8vo. Bonn, 1886.

. Worte der Erinnerung an Professor Dr. A. von Lasaulx

(25 Januar, 1886). 8vo. Bonn, 1886.

Wahnschaffe, F. Die Quartarbildungen der Umgegend von Magde-
burg, mit besonderer Beriicksichtigung der Borde. 8vo. Berlin,

1885.

Waltenhofen, A. von. IJeber die Thermen von Gastein. 8vo.

Yienna, 1885.

Walterstorff, W. TJeber fossile Frosche insbesondere das Genus
Palceobatrachus. Theil i. 8vo. Magdeburg, 1886.

Waters, A. W. Notes on Fossil Lithothamnia (so-called Nulliporse).

8vo. London, 1874.

Bryozoa (Polyzoa) from the Pliocene of Bruccoli (Sicily).

8vo. Manchester, 1878.

Inquiries concerning a change in the position of the Earth's

Axis. 8vo. London, 1878.

— . Remarks on some Fenestellidse. 8vo. Manchester, 1878.

On a Memoir by M. E. Yanden Broeck, on the Phenomena
of alteration of superficial deposits by means of the infiltration of

atmospheric water. 8vo. Manchester, 1881.

. On the Terms Bryozoa and Polyzoa. 8vo. London, 1880.
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Waters, A. W. On Fossil Chilostomatous Bryozoa from South-west
Yictoria, Australia. 8vo. London, 1881.

On Fossil Chilostomatous Bryozoa from Mount Gambler,
South Australia. 8vo. London, 1882.

— . On Chilostomatous Bryozoa from Bairnsdale (Gippsland).

8vo. London, 1882.

—. Fossil Chilostomatous Bryozoa from Muddy Creek, Victoria,

&c. 8vo. London, 1883.

— .

' Closure of the Cyclostomatous Bryozoa. 8vo. London,

1884.

On Fossil Cyclostomatous Bryozoa from Australia. 8vo.

London, 1884.

. Chilostomatous Bryozoa from Aldinga and the River-Murray
Cliffs, South Australia. 8vo. London, 1885.

WTiite, O. A. The application of Biology to Geological History.

8vo. Washington, D.C., 1885.

Whitehouse, C. Impounding of the Nile Floods. 8vo.» London,

1885.

Le Lac Moeris et son emplacement d'apres de nouvelles

recherches, &c. 8vo. London, 1885.

Wilkes, E. P. A concise exposition of the Geology, Antiquities, and
Topography of the Isle of Wight. 8vo. London, 1859. Pur-
chased.

Williamson, W. 0. On some undescribed tracks of Invertebrate

Animals from the Toredale Hocks, and on some inorganic phe-

nomena, produced on tidal shores, simulating Plant-remains.

8vo. London, 1885.

Winchell, A. Sparks from a Geologist's Hammer. 8vo. Chicago,

1881. Purchased.

Wise, T. A. History of Paganism in Caledonia. 4to. London,

1884.

Wittwor, L. 0. Geological Tour through England and Wales, and a

brief geological sketch of the Isle of Wight. 12mo. London,

1847. Presented hij H. B, Woodward, Esq., F.G.S.

Woodward, A. S. On the Literature and Nomenclature of British

Fossil Crocodilia. 8vo. London, 1885.

Woodward, H. B. The Earthquake of April 1884. 8vo. Norwich,

1885.

. Visit to the Geological Museum of Dr. J. Chaning Pearco,

at the Manor House, Brixton. 8vo. London, 1886.

Worsley-Benson, H. S. Charles Darwin. 8vo. Bath, 1886.
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Yarkand Mission. Scientific Results of the Second Tarkand Mission }

based upon the Collections and Notes of the late E. Stoliczka.

Araneidea, by the Eev. 0. P. Cambridge. 4to. Calcutta, 1885.

Presented hy the Indian Government.

Zigno, A. de. Sopra uno scheletro fossile di Myliohates esistente

nel Museo Gazola in Yerona. 4to. Yenice, 1885.

Zirkel, E. Elemente der Mineralogie. Zwolfte Auflage. 8vo.

Leipzig, 1885. Purchased.

Zittel, K. A. Handbuch der Palaontologie. Abth. 1, Band ii. Lief. 4
& 5. 8vo. Munich, 1885. Purchased.

. . Abth. 2, Band i. Lief. 4. 8vo. Munich, 1885.

Purchased,

3. Maps &c.

The names of Donors in Italics.

Belgium. ' Musee Royal d'Histoire Naturelle de Belgiqice. Service

de la Carte geologique du Ttoyaume. Carte feuilles Sautour,

Marche et Durbuy. -^^ j^^j. 1885 ; also Pis. I.-IY., to illustrate

the Durbuy map.

Berendt, G., und W. Dames. Geologische TJebersichtskarte der

Umgegend von Berlin. yoTiVd'o^' -^^ ^ sheets. Presented by H.
Bauerman, Esq., F.G.S.

Favre, A. Carte du phenomene erratique et des Anciens Glaciers

du versant nord des Alpes Suisses et de la Chaine du Mont-Blanc.

In 4 sheets, ^-^^o-

Erance. Carte geologique detaille'e de la Erance. Sheets 43, 88,

111, 134, 143, 184. Scale ^^q. Purchased.

Depot de la Marine. 54 Charts and plans of various

coasts, &c.

JacJcson, J. Photographic Panorama of Mount Blanc.

Lepsius, G. R. Geologische Karte des Mainzer Beckens.
xTTTruTro"'

1884. Presented hy H. Bauerman, Esq., F. G.S.

New Jersey. Geological Survey. Atlas of New Jersey. Nos. 2, 3,

4, 6, 7, and 16. 1 inch = 1 mile. New York.

Ordnance Survey Maps. Presented hy the First Commissioner of Works,

One-inch General Maps. England and Wales. 1 Quarter-sheet.

. Ireland. 4 Quarter-sheets.

, Scotland. 15 Sheets.

Six-inch County Maps. 52 Sheets ; 825 Quarter-sheets.

. 1 Index.
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Pennsylvania. Second Geological Survey. Grand Atlas. Divi-

sion I. County Geological Maps. Part 1. Fol. Harrisburg,

1885.

. . . Division II. Anthracite Coal Fields. Part 1.

Fol. Harrisburg, 1884.

— . . . . . Part 2. Fol. Harrisburg,

1885.

— . . . Division III. Petroleum and Bituminous

Coal Fields. Part 1. Fol. Harrisburg, 1885.

. . . Division lY. South Mountain and Grand
Valley Topographical Maps. Part 1. Fol. Harrisburg, 1885.

. . . Division V. Central and South-eastern Penn-
sylvania. Part 1. Fol. Harrisburg, 1885.

Roumania. Biuroului Geoloyicu. Harta. Judetele. Sheets 1-6.

Saxony. Oeologische Landesuntersachung. Blatt 18, 30, 41 u. 57,

124, 135, 145, 151, 152, 154-155 & 156. ^^^.
Sweden, Sveriges GeologisJca Undersokning. Ser. A a. Kartblad

i skalen 1 : 50000, Nos. 87, 93, 95, 96. 1885.

.
. Ser A b. Kartblad i skalen 1 : 200000, No. 8.

1885.

Switzerland. Commission de la Oarte Geologique de la Suisse.

Sheet 14. Tu^nnriy

Vasseur, E., and Carez, L. Carte Geologique General de la France.

5 N. : 6 JST.E.; 12 N. ; 7 S. ; 7 N. ; 9 N. ; and 2 top N.E.
corner.

-^ij-AirTr
Purchased.

Verbeek, R. M. Krakatau. Album contenant 25 Planches chro-

molithographiques des regions devastees du detroit de la Sonde
prises deux mois apres Feruption du Krakatau. Fol. Brussels.

Also 12 sheets of Maps and Plans. Presented by the Netherlands

Government.

II. ADDITIONS TO THE MUSEUM.

Specimen of Astrocamia gibbosa, from the Sutton Stone. Presented

by Prof. P. M. Duncan, F.B.S.,F.G.S., in illustration of his paper
read November 4, 1885.

A collection of specimens and fossils, presented by M. F. L. Cornet,

illustrating his paper "On the Phosphatic Beds in the Neighbour-
hood of Mens," read April 2l8t, 1886.
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